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THE PRACTICE 
EMBANKING LANDS FROM THE SEA, 



introductory. 
Swift's observation lias been often quoted as a truth, 
viz. that " the man wlio makes two blades of grass, or 
two ears of corn, grow where but one grew before, 
deserves well of his country," Surely, then, he who 
adds to its territorial extent by rescuing lands from the 
dominion of the ocean deserves still more,-— for the one 
but increases produce, the other may be said to CTeate 
land. Therefore, great and meritorious as are the efforts 
of many individuals, as well as societies, towards the 
improvement of agricultural practices, and the conse- 
quent increase of agricultural produce, still more so are 
those of enterprising persons who employ their skill 
and their capital in excluding the tide from the fringes 
of our shores, and in embanking and cultivating those 
alluvial deposits which Nature seems to have endued 
with superior fertility, in order to invite the industry 
enterprise of man. and to excite him to avail 
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self of this mode of augmenting the supply of 
commensurately with the increase of populati 

These enterprises, however, are not unattem 
hazard, nor unaccompanied with difficulties an< 
gers. They are expensive, and therefore failure is 
disastrous; but when conducted with prudence, an< 
attended with success, they may he eminently bene- 
ficial to the community and to the adventurers. An 
hints, therefore, tending to prevent failure and to pro- 
mote success must be valuable; and if apology is du 
for offering such hints, it may be found in the fact, that 
from my profession as a Laud Agent, having been fo 
many years connected much with sea-walling, both i 
building and repairing, I have been induced to venture 
some observations on the subject, in the hope of the 
being useful to those who are willing to speculate in sue 
undertakings ; — to country gentlemen whose estates are 
already protected by sea-banks, or who may be dcairoui 
of enlarging and improving their property in this waj 
— and even to Engineers, who may be required to advise 
on the best means of effecting the intended object. 

No one who is cognizant of the vast engineerin 
works effected in the present day, can be insensible to 
the great scientific attainments and the practical power 
of the present race of Engineers. Sea-banking, or sea- 
walling, has hitherto formed but a small portion of th 
practice of EngincentJ^Shtt cld'Hy as connected witl 
! works, in 
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ich cases embanking is performed on a totally differ- 
t scale and principle to that of gaining land from the 
a, which has till recently been treated as a branch of 
ral economy, and has been chiefly practised by non- 
cientific, but ingenious persons, as merely an appli- 
,tion of labour which involved no peculiar difficulties. 
or indeed did these difficulties exceed the skill of 
lose whose business it has always been to watch, pro- 
ectj and repair sea-walls, so long as embankments were 
nfined to the grassy verges of the shore, over which 
e spring tides but occasionally flowed; but where 
reater things are attempted, greater skill and deeper 
msideration are required. 

To such cases the hints here given are applied as 
e result of much experience and observation, and ten- 
ered in the nature of evidence, or of that kind ofprac- 
cal information which Engineers themselves, in all 
heir undertakings, are usually wise enough to seek 
roni practical persons. 
This subject divides itself into so many branches, 
ch having such minute ramifications, yet each in its 
ilace important to the whole, that the most condensed 
emarks on them separately has swelled this discourse 
nto a volume, in which there is less hope of eliciting 
ly thing very new relative to it, than of collecting 
>gether a great number of important and interesting 
acts and observations, — of classifying them in such a 
lanner as to render them most useful ao.4 a^wisSoVi 
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nnd of affording a comprehensive view of the whole 
•object. 

The shores (if the llritish Isles present many baji 
and inlets, whflfein alluvial accumulations of earthy, 
nnimnl, mid vegetable mutter have taken place to great 
extent. The earthy matter of these deposits has g< 
rally for its ItMil the geological material predominant in 
the strut-lure of the country [ thus, for instance, tin 
ikhm of the London clay forms the stiff tenacious soil 
of the Kssex nnd Suffolk marshes, called marsh clay;— 
whilst the lllty sea-sands of Lincolnshire are but a con- 
til tlojl t.if those vast tracts of rich lowland over wliica 

the Rett Mice flowed, and was first excluded by the 
Homnm, llhOB whose lime large portions of land have 
Itpetl gnlnpd by sueressive parallel embankments. 

On Ihese nnd oilier coasts, very great breadths occur 
of ialllj sidtliius, rJUHj mud-hanks, slob, sand-bank: 
sniidr dunes, us they lire variously called in different 
biNillllet. All of IIipiii derive their earthy matter from 
Ihe dflhrll trf I lie hniil washed down to the sea by the 
rrtlln, mid idler amidaaiimlion with diluvial detritus and 
murine •■riiriie. Bfftltl washed up, and deposited by the 
Mile. When lliese de|mslts become stationary and 
shdile, ii high PMidHiau of fertility results, the tide 
\<f\h E i..ilud..d, mill the soil sufficiently divested of 
Meeii ol si.ll lo lirnr lionl plants. Of these deposits 

Will '* mdy envered willi the tide during violent 

liiu-ls of Ilia NCHj others only at equinoctial sprin, 



at e quino ctial spring 
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tides ; others at ordinary spring titles ; and others again 
at every tide. 

These deposits are valuable for the purpose of em- 
bankment, principally in the ratio of the more or less 
happy admixture of those argillaceous, silicious, cal- 
reous, animal, and vegetable matters, and of the 
cater or less prevalence of the tidal waters over their 
rface. There are other points constituting value, but 
.esc, viz. soil and height above tide, are the principal; 
; e others will be noticed in the course of our inves- 
tigation. Whilst sea-banking is limited to the pastu- 
rable verges of an argillaceous shore, only occasionally 
or at outbursts covered by the tide, little more skill is 
called into action, than that which consists in raising a 
sufficient bank or wall of the ponderous material, in the 
most economical manner. But the enterprise of capi- 
talists has extended the desire of embanking lands 
from the sea to far more difficult subjects than those 
Terdant fringes; and extensive intakes are now at- 
tempted, where the sands or slobs are covered by every 
tide, and where only the silicious sands of the shore are 
available as the chief material for the construction of 
e bank. In such cases much care and caution, as 
ell as a considerable degree of enteqirise to attempt 
;d skill to perform, are requisite ; and many consider- 
tions become extremely important towards the success 
the undertaking; as for instance- — the weight of the 
iank — the width of the base or seat — the fowci — \!«& 
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height — the thickness and the facing, all these feature: 
being also much governed by the materials of the bant 
— the materials of the shore on which it is placed, am 
its exposure to the sea and the prevailing winds. The 
importance of these points again will be regulated by 
the manner in which those materials have to be pu 
together — besides the direction of the line of bank 
each of which points a few words are herein employed 
in elucidating the main objects to be attended to, 
and on the precautions to be taken in building 
banks, the expense thereof, and on the respective rx 
of different subjects for embanking ; and the best nt 
of reclaiming the ground embanked; also somi 
marks on the advantages to be derived from embank 
ments, and some hints drawn from experience, on tie 
support and repair of old sea-banks. 

With reference to these plans and intentions, 
discourse is divided into the following general heads 

I. The embankment. 

ii. The eligibility of a shore for embankment. 

in. The drainage of the land. 

iv. Its reclamation. 

v. The expense of these processes. 

■yi. Their advantages. 

vn. The obstacles to embanking. 

Lvin. The parties to an embankment. 
ix. Instances of embankments. 
x. The repair of old sea-walls. 
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or that mound of earth by which the sea is to 

excluded from the land, and Neptune deprived of a 

portion of his domains, is the principal feature of 

discourse, and we shall consider it under the heads 

1st, Its weight; 

2nd, Its materials ; 

3rd, Its form and features ; 

4th, The process of embanking; 

5th, The proper line of embankment; 

6tb, The proper situation of a sea-bank. 

1st. The weight of the bank is a matter of the 

est importance; first, to counterbalance the weight of 

the sea against it, that weight being augmented by the 

winds; and secondly, to consolidate and keep down the 

sand, and to prevent the waters contained in the sands 

outside from communicating under the bank with the 

sands on the inside thereof. 

This condition of weight is so important, that in some 
cases of light material, such as peat or some kinds of 
sand, the safety of the bank entirely depends on. it-, 
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and, in general, a bank must be rendered 
proportion to the lightness, looseness, or want of ad 
hesion of tlie materials of which it is composed, eith 
by its bulk, or by means of more weighty mated* 
such as stone laid upon the lighter materials. 

(a.) The force of sea water pressing against a bw 
will be in the compound ratio of its depth and its \ 
locity. Every attempt to reduce these to calculate 
will he in some degree nugatory, because either may 
times greatly exceed the other; but they often act 
combination. The bank therefore must he superior 
their greatest united force. 

The weight of sea water is 64iibs. per cubic foot 
The weight of earth, i.e. gravel, sand, and clay mixed, 
is stcited by some Engineers to he li ton per cubic yard, 
by others sandy material is considered to v, 
l T ' ff to 1£ ton per cubic yard. If the weight should b 
1! ton, it will be 125lbs. per cubic foot. But th 
weights of the common admixture of materials which 
are usually employed to form a sea-bank are as follow 
— sand °5tfis., clay 165 lbs., common earth 124 lbs, 
flint 1 GO lbs., chalk 112 lbs. per cubic foot, and tb 
average of all these materials is 131 lbs, ; but as saw 
and water will enter into the composition, we have cal 
culated on but 125 lbs. per cubic foot. We may there 
fore safely take the weight of the materials usually, am 
almost of necessity, employed in building a sea-bank, 
to be nearly equal to double the actual weigh 



iesccnt water they have to sustain, because the re- 
ting power of the dead weight of earthy and stony 
itter is greatly augmented, not only by its cola-shm, 
t also by the weight of water which rests on its 
surface, so that in some degree the weight of water 
nst, or rather upon, the face of a bank, being a 
radually inclined plane to seaward, tends to its sup- 
irt. 

Supposing the weight and pressure of water to be 
erted perpendicularly, then the face of the sea-bank 
> in the diagram below would only have to sustain 
iC pressure of the water contained in the space a b c; 
it these forces are exerted at an angle of 45° with the 
>rizon, or, in this case, with the horizontal line ad, so 
at the plane ab has to sustain the weight of water 
■ntaiiierl in the space aeb, which in its sectional 
one-fifth greater than abc. 



... 



\av it this diagram be allowed to represent by abg 
bank whose height is 10 feet, and base 5 to 1 or 

I feet, its sectional area will be equal to aeb, whilst 

i weight will be about double that of the quiescent 

iter bearing against it. 
(6.) The weight of quiescent water is, however, but 

portion of the stress a sea-bank has to sustain. The 
;ssure of wind upon the surface of the sea, and 
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velocity thus acquired by its waves, produce such 
momentum that a vast increase of strength is i 
quisite in a sea-bank, to enable it to sustain the v 
it will inevitably have to encounter, especially as t 
bank must not only be equal, but have a power 
resistance superior to the most extraordinary 
mentations of weight and force of water, that can i 
any likelihood be produced by wind, tides, or ( 
rents. 

In considering the force of waves driven by 
we may adopt the received data of mathematician 
that single waves seldom rise higher than 6 feet, (thw 
"mountains high" being the accumulation of s 
successive waves in the open sea,) and that in ' 
storm " the velocity of the wind is about 60 mil* 
an hour, and that its force, or pressure, < 
foot of any plane surface which opposes it, is l7 - 715uis, 
say 17$ lbs. A hurricane has a velocity of SO mile) 
an hour, and its force is 31 ■490, say 31^ lbs. per foo 
It will suffice to take this latter quantity as the greatfl 
probable force of wind, and to suppose this increase 
weight applicable, not only to the surface to i 
in strictness it would be nearly limited, but to ever 
cubic foot of the whole G feet of depth, or down 1 
k h in the diagram, in which the waves are usually 
agitated. Now in this case it is evident that t 
weight of e c 6 h It, increased by the wind by 31|S 
per foot, up to 95| lbs. per foot, will be resisted by ti 
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a h b g, which is of much greater supi 
;tent, and of considerably greater weight per cubic 
ot, than the water pressing upon it, and therefore 
;rfectly able to bear its force increased by the action 
' the wind. 

In practice we do in fact find that a mound of any 
■lerably cohesive earthy material, piled up in almost 
»ny form against the sea, so as not to fall or crumble 
wn of itself, will resist, for a time, the usual pressure 
: the waves, provided it he high enough to prevent 
te wave going over its top. And it is also found 
i practice, that such a bank as that given in the 
agram does in fact resist even the outbursts of the 
ia, provided those other conditions of a sea-bank 
■e fulfilled, which we shall develope in our progress. 
But this difference of weight in favour of the earthy 
latter is not considered in practice sufficient for 
jsolute security, and accordingly it is usual to in- 
the substance and weight of the bank by addi- 
ons to the thickness of its apex at b. so as to raise it 
nearly double the utmost weight, that can be brought 
bear upon it, and to place this additional substance 
the strongest form, as will appear when we come to 
mention the proper form and features of a sea-bank, 
(c.) Weight in the mass, and cohesion of the iuate- 
tls forming the foundation of the bank, are also ren- 
ired equally necessary by a second consideration. 
jr, unless the sands below the hank be cam^reetsRA 
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almost to solidity, the constant eoakage of the li 

into the sand on the sea side of the bank will extei 
under it to the sands on the land side, and the bai 
will blow up. Some soakage through and below I 
bank will always take place, and when the ground 
is adhesive, this can be intercepted by a deljih, t. 
a drain (which may also be a fence) dug parallel t 
and on the land side of the bank; but in loose sam 
such a drain is dangerous, as the sand will run in an 
bring down the hank. Nothing therefore hut weigli 
can be depended on. Where stone is plentiful t 
feature may be given by that material in the li 
manner possible. If otherwise, the next most p 
derous material must be used, viz. clay. If that i 
unattainable by reason of expense, and the sand c 
the shore to be embanked must, be employed, the 
its quantity must make up for its want of cohesio 
and weight, and the bank must be large and high, likt 
those Roman banks in the Isle of Ely and in Lincoln* 
shire, which were raised of the silty sand of that c 
now inland and apparently preposterously large a 
high, but in reality most judiciously constructed w 
reference to their material. 

(«*.) In the ease of any hank having to sustain sin 
currents, it must however be endowed with an entirt 
Vtight proportionate to this extra stress upon 

c igth. Such currents sometimes set in with i 
■- when the flood li:Ie enters as estuary a 




in with git* 
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ing which suddenly contracts, and for such aug- 
entntions of weight, large allowances must he made 
practice, since it is scarcely possible to reduce them 
theoretic calculation. 

2nd. The materials of which the bank is to he con- 
nected govern in a great measure the other requisites 
be attended to in its formation. These materials 
e generally either sandy or clayey, with or without 
ic assistance of stone. 

(«.) Handy material is the most difficult to manage, 
id the least to be depended on. If it be used in 
ising the bank, great part is taken away by almost. 
'ery tide, of what has been previously collected 
jtwecn tide and tide, and sometimes much more is 
aken by a tide than was collected between that and 
e preceding tide. This material melts away like 
sugar in water, and must be collected again and 
;ain to perform the work, which after all is always 
ible to escape particle by particle ; — when dry, running 
in an hour-glass through every aperture, or blowing 
way with every wind; or sinking to a level, when 
Thus the working with this material is attended 
ith infinite mortification, and at least twofold the 
st of any other material upon the spot. Many expe- 
ients are in use to prevent its escape; as covering 
e hank of it every tide with sods, which are removed 
hen the work recommences on the recession of the 
indeed in the ease of those loose ruimw 1 ' «jo.\vis. 
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which we are now contemplating, it is sbsolattlj 
necessary to fix them with from half a yard to a yir 

thickness of clay outside, according to the 
Such sands are also raised and accumulated by pltca 
rows of bushes at nearly right angles with the tidi 
flow, and the water flowing over those kinds of sand 
being turbid, is stilled by the projecting tops of H 
bushes, and so deposits its warp, and raises or leve 
the sandy surface. In the case however of such low 
sands, no doubt the most effectual, safe, and 
neat — consequently the least expensive mode nil 
mately — would be to avoid using a single shovel-ft 
of such sand, but to bring all the materials for tl 
bank from the nearest depot of good material, *i 
lay it upon the sandy surface. It is true that col 
and horses being used to raise the bank with m 
sands, the pressure of these has a great effect in og 
solidating this loose material, but still it is treacheroui 
and much of it escapes at every tide, and if thus r 
at sixpence per cubic yard, it would be better polic 
all things considered both present and future, to incM 
a charge of one shilling per cubic yard for better r 
rial. It may indeed even be fairly doubted wheth 
such a soil be a fit subject of embankment, eith 
with a view to security or to cultivation, and it woul 
bo prudent to conclude that such bare and unfixe 
running sands ought in prudence to be avoided unt 
r have become stable enough to produce t 
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which suddenly contracts, and for such : 

tnttitions of weight, large allowances must be i 
practice, since it is scarcely possible to reduce t 
theoretic calculation. 

2nd. Tlie material* of which the bank is to be c 
xucted govern in a great measure the other requisites 
be attended to in its formation. These materials 
B generally either sandy or clayey, with or -without 
C assistance of stone. 

{a.'i Sandy material is the most difficult to manage, 
nd the least to be depended on. If it be used in 
Jsing the hank, great part is taken away by almost 
■cry tide, of what has been previously collected 
stween tide and tide, and sometimes much more is 
ken by a tide than was collected between that and 
e preceding tide. This material melts away like 
igar in water, and must be collected again and 
;nin to perform the work, which after all is always 
ible to escape particle by particle ; — when dry, running 
i in an hour-glass through every aperture, or blowing 
way with every wind; or sinking to a level, when 
wet. Thus the working with this material is attended 
ith infinite mortification, and at least twofold the 
ust of any other material upon the spot. Many expe- 
lients are in use to prevent its escape; as covering 
"I" it every tide with sods, which are removed 
lien the work recommences on the recession of the 
Used in the case of those \ 
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nd escapes, tlien it will be followed by an- 

gnd another, the mischief silently going on till it 
les apparent in visible depression of the front am 
f the bank, which perhaps may at first be taken 
nking or settlement of the materials in that pli 
than another, or to the consolidation of the sar 
th, and the parties may proceed to make up t! 
ency, under the idea that their bank is strongi 
before, till new instances attract notice, and 
ause becomes known. It has been found in i 
, that a broad footing of gravel increases the se: 
: bank and checks the percolation of water undei 

it, especially when that footing is made a co 
road for traffic. ]f sea-banks are built over, a 
sands, it becomes also a very essential point 

use of a great quantity of ponderous stone, n 
to break the waves and to prevent their tear! 
the face of the bank, but also to iveight the sa; 
ompress it, so as to bring it to as near an appro: 
a to a solid state as circumstances will admit, am 
lessen the chances of the water insinuating i 
gst the sand forming the foundation of the bank, 
er all, no art or expense whatever can alwa; 
i a sea-bank on a sandy shore, and in an opi 
ed situation, from considerable damage. This hi 
abundantly proved, particularly near Abergele and 

on the Flintshire coast, where only s 
h a bank are now seen, after an almost unbound' 
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expenditure of money and skill : on anoth 
the same coast £ 7^0 was sunk ; and th> 

posed, scarcely a vestige of it remains. Si 
should only be risked in sheltered spots, 
rage of the ocean is mitigated by proji 
spits of land, protecting the bank from the 
points, or the shore is observed to be increasing, 
if banks of sand are attempted tbey should be of 
height and dimensions, and the front or facing goa 
with clay, turf, sodding, and stones, besides com 
watching and repairing every little breach. 

[b.) Clay is a much better material than the 
kind of sand, and the bulk of a bank built with it 
not be so great as that of banks built with sand, si 
slope also may be less, particularly if stone-faced. 

But whether the material be sand or clay, the 
special care must be taken in putting it together, i 
banks have failed in consequence of the sods ev 
clay being loosely thrown together by means of pi 
and barrows, and mixed with loose earth : the water 
being enabled to-percolate the earth, surroundei 
sods, and rendered them almost buoyant, so tha 

E whole mass separated and dispersed; whereas the 
Earth ought to have been either collected under 
pressure of carts and horses, or rammed down /curd 
iron-shod rammers, and the sods placed carefully ou 
to defend the most exposed part. 



MATERIALS OF EMBANKMENT, 

material, which is principally in use in Essex for 

■walling, as embanking is there called, is taken from 

c saltings or oozy forelands outside the walls, and is 

fcercfore in a wet state and very ponderous. It is dug 

spits, and packed into a sea-wall by a process called 

load flanking" the barrow-men delivering the spits 

the packers, who take each spit on a pitchfork, and 

riking it hard into its place, it adheres closely; but as 

pits contract in drying, the crevices outside are 

erefore filled with mud, which is called "sludging." 

et, when the packing has not been carefully performed, 

the bulk of the sea-wall lias not afforded sufficient 

Weight to close the clods on each other, in drying, open 

;es still continue, into which the water penetrates on 

sea side, and mice, rats, &c. on the land side ; so 

at if not carefully watched and timely mended, the 

iter is let in to the interior, and a breach ensues. In 

e case, however, of a bank of clay, or adhesive and 

eighty earth, the great object is to have the bank high 

ougfi. its weight and tenacity being generally sufficient 

withstand the direct force of the sea, though such a 

Mik (as well as one of sand) breaches by diminution 

om the rear to the front, when the tide overflows it 

any great body : i. e. the tide first overtopping the 

■all washes away the earth at the back, and so cuts 

rough to the front. 

(c.) Peal or bog is also a good material for a sea- 
ank, not only by reason of its staunching but aJ&a \\& 
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adhesive qualities when parked in a moist state, so 
to form a tolerably homogeneous mats. Its defects 
lightness (requiring to be heavily weighted 
and aptitude to split in drying, forming crevices. Tbl 
crevices let in the water, which trickles down in 
and causes alarm for the safety of the bank ; it tbo 
fore becomes necessary to open the face of tlsc hi 
occasionally and to stop the crevices. Pest is suppoi 
to be liable to decay, and run into a black mould 
for this it requires atmospheric influence and chang 
and in fact a peat sea-bank, which was opened 
being built for 1 " years, exhibited the material as fibre 
and undecayed as when first deposited. It had bi 
covered and compressed with from 1 to 3 feet of sti 
and gravel. This peat-bank was built across a sat 
estuary, where it was deemed too hazardous to mi 
use of any portion of the sand in the construction 
the bank, the points aimed at being its fixation 
com pressure. 

(d.) Some banks have been built almost entirely! 
ttotu , but these have failed for want of staunching, 
<liil that great undertaking atTreMadoc in Caernarvo 
•hire. But stone, though almost indispensable 
(rdgllt, and to guard the bank, is not a fit material ! 
the body and bulk of it, since, however well eemente 
it MC never bo laid so as to remain water-tight, and 
BKWOV) ', too expensive for this use. 
Atnongut the materials m u 
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lay be mentioned as one of the most important, 

2 same time, often the most easily procured, 
ses of gravel are manifold, At the outer edge 
e bank gravel is the very best material wherewith 
brm the lower portion of the slope or facing, where 
jrms a natural sea-beach almost impervious to the 
T, and also a roadway, the traffic on which consoli- 
s the sand below. In this latter use it may also be 
)lied with advantage to the inner edge or foot of the 
This material also, being spread over the stone 
the bank, insinuates itself into the interstices 
yeen them, and keeps them better than the best 
onry. But the use of gravel should be almost con- 
ned to the outside of the bank (the internal material 
quiring to be of the most cohesive kind that can be 
allied); a coating of gravel of several inches in 
being spread previous to the stone facing 
ing applied. 

Gravel also might be advantageously used as a suhsti- 
e for stone, in the facing of that portion of the bank 
lich is above the main bank, as shown in the diagram 
p. 26. Gravel might, indeed, in many cases, be 
>stitiited for stone or any other facinff of the whole 
ink; and to qualify it for this valuable application, 
s only requisite to give the bank sufficient slopej so 
to resemble a natural sea-beach ; and if the original 
wre is muddy, a coating of G inches of gravel, over 18 
f mud, would probably form a facing not to be 
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3 feet of the centre of the bank (see 'Thickness of 

«Mik'). On the other hand, some soils are extremely 

and even difficult to pick up in their present site, 

when raised and exposed to atmospheric influence 

the state in which they were first geologically 

icsited : examples of this kind were frequent upon 

construction of the Eastern Counties Railway 

tout Chelmsford, where the diluvial clays upon expo- 

again became mud. 
On the whole, it must be concluded, that of the 
terials for a sea-bank, tenacious clay is the best, and 
se sand the very worst. All the intermediate modi- 
itions of soils will have their respective merits or 
•merits, but they will be eligible in proportion to 
leir ponderosity — their collusiveness — and their 
of resisting the action of water, either in pene- 
Mttng or dissolving them : and these soils will be in- 
*ible in proportion to their lightness, their loose- 
is, and their aptitude to run and to blow away when 
f, or to melt away when wet. 

A. mixture of materials, bad and good together, when 
a »«t state, would probably reduce the whole mass 
an eligible condition; and although the expense 
ght be thought too great at first, it might be found 
momy in the end, and the mixture might be effected 
the tread of horses, without much labour previously 
o the material being laid up on the bank. 
In cases also where the material is not ven ttwsfc- 
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1st. The main bank, built to the full height of ordinary 
ring tides, which is taken by way of example at 10 

let. It is 20 feet wide at top, and with a slope to 
a side, partly of 5 feet base, and partly of 4 feet base, 
1 perpendicular, as the minimum slopes. 
2nd. The outburst bank, 5 feet high and 8 feet wide 
top, and with a slope of but 1^ to 1, because tins 
xt of the bank will have to sustain but a tran: 
ress from the top of the tide, and this only occi 
illy. On this is set 

3rd. The swash bank, which, having only to sustain 
e broken tops of the waves, is but 21 feet high and 
\ feet wide at top, though its base is 8 feet, and should 

e made amply sufficient to prevent any part of the 

ugliest seas going over the bank. 
The construction of this diagram is as follows: — 
Having drawn the base line ab, construct the cubes 
and cm ; draw ac\ 5 base to 1 perpendicular. Set off 
feet from the top of the cube d towards the base line, 

ar the high-tide wave. Draw the line ds, intersecting 

c" at *. Draw as and am and hb, and this completes 
ie main bank, with the double cubes of its height 

Kicked by a half-cube, besides the front with a base of 
to 1, the gravel footing bringing it 5 to 1. For the 
:lier proportions construct the cubes e and f, and 

raw me", also g and gh, giving ample weight, sub- 

tance, and slope to the bank for ordinary cases. 
The rationale of this construction will appear 
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iiit its outlines are these. The cubes d and cm, 
th the half-cube b h, are considered to be very ample 
the body of the main bank, which is 20 feet wide at 
p. The slope of 5 to 1 is lessened at m, to 4 to 1, 
order to afford a greater base for the upper bank, 
d because the space from m to * is stone-faced, that 

»ace being 6 feet perpendicular from the top of the 
ain bank, which is considered to be the usual height 
great waves near the shore. The gravelled footing 
on the slope of 5 to 1, and is not stone-faced, because 
e sea has not acquired much force at that height of 
e. This completes the main bank. The outburst 
d swash banks arc drawn with a narrow apex in order 
give as much siope as possible to the line m c", but 
ere the soil is tenacious, this line may retire still 

lore, and the line g b may be steeper. 
The essential features of the bank recommended and 

escribed in section a are the following : — 

b is the seat of the hank, or base on which il 
c" is the slope. 
e c" ia the height. 
ef is the thickness. 
is the facing. 
ia the top. 
is the back. 
, is the delph. 

k ia the foreland. 

/ Itt gravelled footing on both sklee. 
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On each of which features some observations of U 
portnnce may he made, 

(a) The general form of a bank is required to b 
such as to receive the wave easily, j. e. without ( 
great concussion, or with llic least degree of « 
cusslon; such as may enable the top of the wave a 
its highest range to run along the top of the 1 
without meeting with any great resistance or sm 
check, and such that if the wave should even top t 
bank, and the swash go over the back of the bank, i 
may not cut away the soil to any dangerous extent. 

The form given on p. 26, in section A, is thought 
to be such ns fulfils all these conditions; and t 
hollow in front is considered to be such as to reJurt 
the force of the wave when it arrives there, which Ci 
only happen at great outbursts of the sea, or when 1 
wave is raised by the wind far above its ordinary height, 
because the hollow only commences at a point jui 
below the height of equinoctial spring tides, i. e. lli 
utmost height of the body of the tide, llic wave abort 
that being but transient, and making only a temporary, 
though it may he a powerful, impression on the upper 
part of the bank. 

(nli.) The width of the seat or base of the bank 
should he regulated by (he amount of adhesiveness i 
the material upon which it is placed, and of which it i 
built, because it is necessary (as already mentioned 
1 guard against any escape of those materials from 
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ing out or suction of the sand, by the reflux of tlie 
or by the soakage of water under the bank 
width therefore of the seat or base must be sucli 
throw the sea as far distant as possible from the 
material, which being prone to run away in 
particles when dry, and to melt like soft sugar 
wet, and being equally prone in both states to 
particle by particle, through the smallest apcr 
and with a very small declivity, must be kept a! 
as possible in an undisturbed state. This how. 
by no means easy, since the waves will be sure 
apertures too minute to be readily discernible. 
n the sands will steal away both in the dry and 
. Small animals also will burrow in the sand 
H sides of the bank, and the apertures thus 
formed will enlarge by degrees, and may become 
dangerous before they are observed. Such insidious 
apertures are very apt to take place amongst and below 
the stone facing of banks, and should therefore he care- 
fully guarded against. But after all they will inevitably 
happen, and the only sure safeguard is such a wide 
base or seat as may give the bank substance enough to 
admit of rather more than slight apertures and channels 
Without endangering its safety. This substance cannot 
be given without width of seat, which is therefore an 
important feature of a sea-bank. 

The proper width for the base or seat of a sea-bank 
will, however depend much on \ts otVm &wfie,-wi\«w 
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but independently of these, it will he necessary to c 
sider the state of the soil on which (lie line of bank: 
proposed, and to ascertain whether it be a sound o 
or a loose sand ; whether of uniform and firm I 
or interspersed with soft watery spots; whether li 
to sustain the weight of a bant, or to yield to its [ 
sure, and spread on each side; whether such as t 
remain impervious to water, or to admit its percolation, 
however slowly, from seaward to landward;— in slmrt. 
whether the foundation on which the proposed bank 
to rest be firm or otherwise, i. e. compact or poroulj 
for according as it may be one or the other, so must bl 
the width of the seat or base of the bank, whatever i 
weight, height, or thickness. 

This width of seat may be increased, in fact, * 
adding to the bulk of the bank, by means of a 
footing or beach in front, and if this gravelled foe 
is also used as a road, either during the building o 
the bank, or afterwards, or both, it will add much ti 
the consolidation of the materials, and to the j 
vention of percolation. If, again, another such r 
was used on the inside of the bank, it would 1 
be productive of the same benefit as a wider sent i 
the bank or sea-wall. 

(oc".) The slope of the bank to the seaward 
one of its principal features of strength am.! si& 
A steep bank enables the wave to strike it v 
force, and ultimately to batter it down, or { 
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reduce its substance, by means of those violent or 
continuous assaults which the power of the ocean often 
exercises. In all such cases, the safest plan is to 

How nature as far as possible. 

The slope of the bank, therefore, should be as simi- 
lar to a natural beach as all the other considerations 
will admit. This, however, will depend on the nature 
of the material: — thus, we may assume for argument, 
that a loose sandy beach will probably slope itself 
10 base to 1 perpendicular; and a living rock will 
be brought by the action of the sea to nearly a per- 
pendicular, according to its hardness. Therefore, the 
best line seems to be the medium between the two 
extreme lines taken in nature, viz. the nearly per- 
pendicular face, and the slope of 10 base to 1 per- 
pendicular, that is, 5 to 1. This, therefore, may be 
taken as the best slope that can be given to any sea- 
bank ; that more is generally unnecessary, and less in- 
sufficient in exposed situations ; but that this slope need 
not extend, in ordinary cases, beyond the height of the 
ordinary spring tides, when another kind of bank may 
commence, which having only to sustain occasional 
and transient outbursts of the sea, may have only 
such a slope as the material will admit. A slope of 
nearly 5 to 1 in front also lessens the necessity for 
thickness at top of the bank ; besides the very im- 
portant consideration, arising from the compression 
of the earthy matter of the bank, by the vrc^ta «& 
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into three portions of different inclinations, 
:h dip considerably and variously from the hypo- 
enusal line of the whole height ac", and this dip in 
e surface of the front of the bank, which in practice 
II be worked into a curve, is thought preferable to 
e straight line a c", because the wave impelled by 
nd will be less likely to roll over the top of the 

ank, since the hollow will expend part of its force, 
d give it a tendency upwards or back again into 
e sea, whereas the inclined plane will encourage its 
ward tendency, and enable it to continue under the 

une impulse till it roll over the bank. 
(c c'.) The height of a sea-bank up to its outburst 
e and exclusive of the swash bank must depend on 
o conditions, viz. the rise of tide in the particular 

xrality, and the height to which the greatest outbursts 
the sea have ever reached. It is indeed the last- 
med point that must regulate the total height of the 

ank, though other points may govern the height of 
one facing in land-locked cases. Some marks must 
ascertained on the land by the testimony of old 
ople, up to which some outburst of the sea has at 
y time arrived: the greater number of such marks 
at can be spoken to the better, and the more they 
ree in horizontal level upon the land the better, but 

le highest must be taken, even if it should not be 
ry well authenticated. It is sufficient if there be a 

■y of the sea having ever flowed so high ; and 
■' 
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when it is considered how much the wind forces np 
the water on the side against which it presses, its 
on that side will occasionally reach heights almoa 
incredible; but whatever that height may be, it m 
regulate that of the bank, which must be not less tt 

2 feet above the height of such outbursts in Lai 
locked and sheltered situations, and not less tl 

3 feet above it in exposed situations, and such as h; 
a long sea-reach in front, so as to occasion a heavy 
swell on the bank. No escape from these condition! 
as to the height of the bank can prudently be attempted. 
It is in vain to conclude, that as the sea has only bi 
known to reach such a height once or twice in 
memory of man, it may never reach that height sgri 
or at least that the chances are against its reaching 
that height again, before the embanking parties ha' 
effected their purpose. Such a conclusion will be I 
infringement of bond-fide dealing as regards othei 
and a self-delusion as regards the adventurers. "Ilrt 
rules laid down for the height of the bank are impi 
tive, and cannot be neglected with impunity; n*y, 
it will be ultimate economy rather to exceed than 
fall short of them. 

It is therefore of the utmost importance to deter- 
mine accurately the three points of height before me 
tioned, viz. that of the ordinary springs, that of eq' 
noctial springs, and of extraordinary outbursts, and 
provide weight, strength, and height of bank accoi 
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ingly, not forgetting the swash of the wave at the top 
of the highest tide. 

In the diagram (page 26), the height of the bank 
up to the point of the highest ordinary springs is 
assumed at 10 feet, which is, in fact, a considerable 
height for any sea-bank, and greater than ia generally 
found to have been hitherto adopted in the intakes of 
Essex, on which coaat these banks are more frequent 
and extensive than on any other, as 220 miles of them 
may be .measured on the Ordnance Map : of these the 
author had the management of a considerable portion 
for many years, exposed to boisterous seas. The 
equinoctial springs and outburst bank is assumed at 
5 feet above this 10 feet, which, being half the height 
of the main bank, will in general cases be found suffi- 
cient ; but in the case of very exposed situations, and 
such as have a great weight of sea on them, or where 
prevailing winds raise the wave and drive it slanting 
on the bank, the outburst and swash banks together 
should approach the height of the main bank, — subject, 
however, to the ascertainment of actual heights of flow 
of tide, as before mentioned. 

((/, e,f.) The proper thickness of the main bank is the 
double cube of its height, supported by a half-cube at 
the back, and the slope in front for that division of the 
height, viz., ordinary springs, which we term the main 
bank. The equinoctial springs and outbursts, and the 
twath, may diminish to one cube and a half or less. 



At each of these respective heights the tide exertf 
peculiar force, which, though lessening as the licijlil 
advances, requires a proportionate resistance; and > 
douhle cube of the height of each division, or 
so, hacked by a half-cube, seems to offer that 
in the most complete manner, since it affords the rcij» 
site degree of weight, and also places that weight in tf 
most efficient form, besides securing that degree of ea 
nomy which is so essential an ingredient in such work 

The double cubes d, m, and the triangular balf-cubi 
at the back thereof, the cube and rectangular half-cul 
e with its triangular half-cube h, and the cube/wil 
its triangular half-cube, are the several stages of thick- 
ness or hulk which we assign to a well- con struetcA 
bank, over and above the frontage forming the slope, 
and this for the following reasons. 

It has been previously shown that the weight i 
materials comprised in the triangle a c c', together wil 
the half-cube A b s are more than equal, under at 
circumstances, to the resistance of the water opposed 
to it. The like holds good of the triangle a, c", b ; h 
the whole height of the bank in the diagram is 1"£ fa 
and except in open sea, waves seldom, if ever, rise 
more than 6 feet, or, in other words, the sea in ott 
situations than open ocean is seldom, if ever, agitatei 
to more than that depth from its surface. We 
therefore, not called upon to provide for the full el 
of the weight of this depth of water, but, in fact, only 
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6 feet of it ; since, if we supposed 6 feet in depth 
water to exert its full force above the line d, and 
in the face/", it would strike with a force of G894 tbs., 
i be resisted by a force of 24,750 tbs. ; the one, being 
the a am, and one-fifth more, and the other as the 
id contents of the whole G feet in height above d. 
king also each distinct height of bank separately, it 
;lear by inspection of the diagram, that each division 
■(tains a sectional area over and above that of the 
iss of water which will be exerted against it; and 
>t this excess amounts in the main bank to double 
i cube d, and in the outburst bank to once and a 
If the cube e. It may, therefore, be safely concluded 
it this feature of thickness in the diagram gives a 
nk of weight and strength fully sufficient to with- 
,nd the heaviest seas, especially if a central nucleus 
worked up with well-rammed earth. In some cases, 
ere the fertility or the locality render the subject of 
ibankment sufficiently valuable, it might answer well 
take up from the foundation a pise wall of gravelly 
th well rammed into a cassoon or frame, the latter to 
removed when rilled. We have seen such pise walls, 
en just finished, allow of windows being cut in 
an, and the embedded flints were cut in halves 
her than separate from the mass. 
[f.) The facing of the bank is a matter of great 
iment, both as to its expense and the degree of 
rurity afforded by it. Stone facing is the usual 
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mode, hut previously to the facing with stone a fi 
of clay should be spread as a foundation for the si 
especially if the bank is built with sand or of ai 
other earth which is liable to run, cither in ft i 
or dry state. The clay facing to the sand shot 
be not less than 3 feet thick, and if ore 
coating of gravel be spread, if only 3 inches thi 
it will be a great saving in the end, and with » 
coating the stone must be 15 to 18 inches in tW 
ness or depth from the surface. The manner 
stone facing must depend on the kind and form 
the stone which is obtainable for the purpose. 
it be rounded or boulder stone, it must be mil 
with angular stone to give it stability, and in t 
case promiscuous laying or placing may be ba( 
than regular pitching, the several kinds and sha] 
of stone keying each other, especially if small ai 
large gravel be from time to time spread over ! 
face of the bank, and allowed to take its posit 
either amongst the stone used for the facing, or 
washed down to the foot of the bank, where 
service will be equally effectual. If the stones 
flaggy and flat, it will be necessary to pitch t 
edgeways, although the action of the sea on their 
posed edges is to shake them to and fro until i 
be loosened and washed out. Still they will not b 
sufficient bearing on each other to lie flatways, 
'ould slide away into heaps, so that th< 
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but pitching, and keeping tight with small sto: 

fragments. But when the stones 

tolerably massive and ponderous, like Ken tit 

itone, 12 to 15 inches in thickness, or less, will 

ice, and there is no better way than placing them 

5 by side till the surface is covered, taking care 

entangle and hitch the angles of each stone with 

se of its neighbours; then by encouraging such 

ritime plants as the soil of the bank will produce, 

interstices between the stones are much better 

upied than by a continuous mass of stone ; 

roots below interlace and keep the stones 
ce, and the vegetation at top eases off the wave 
renders it innoxious. 
lut it is only in cases of extreme exposure and 
nl that the whole face of the bank need be pro- 
ed with so expensive a material as stone. In 
ny cases where St would be prudent to erect a 
(-bank, it would be sufficient to guard as much only 
might be subjected to the frequent assaults of the 
ean, viz. so much as the spring tides reached, as 
own in the diagram; above that the attacks of the 
e would be few and far between, and though violent, 
mid continue but a short time. It might therefore 
enough for safety, to coat that portion above ordi- 
ry spring tides with clay and gravel, or clayey gravel, 
before mentioned, and to cultivate upon it the 
nts most likely to thrive, amongst which, mwj \«. 



FACING OF BASK 

reckoned the common couch or twite 

much employed in Essex for this use, the I 
roots of which bind the surface effectually; 
does the sand rush [arunch armaria), calle 
grass in Norfolk, where it is much relied ( 
soil be sufficiently fresh, sowing ray grass seeds w 
a good purpose, and every locality affords i 
plants easily propagated with this view. It i 
ever happen that the surface is of too loose and si 
a nature to be left exposed until vegetation can t 
place, in which case it must be turfed over; but 
that should be impracticable, a coating of gravel n 
be at all events supplied. Turfing the surface is indt 
a common practice when there is no need of til 
but as we are contemplating banks of several » 
extent, this mode would scarcely be applicable, 
even when the intake is sufficiently swarded to ai 
materials for turfing, its productiveness is too mo 
reduced. 

But there remains another portion of the f 
which is most valuable, especially in cases when I 
bank is built on sand, viz, a gravel footing, wide enot 
to form a road, and renewed from time to time, 
the traffic buries the gravel in the sand. This foot«( 
by forming a natural sea-beach, not only prevents I 
sea undermining, or otherwise "pecking," the 1 
but also consolidates the sand and checks the soak 
inder the bank, a service of the very utmost i 
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purpose of preventing its blowing i 
lay be added, that although the gravel in the ( 
i may appear to some like a loose material 
►ort a firmer one, yet it has been found to answ 
in practice; the clayey and sandy matter mixet 
it, the action of the tide and the traffic, giving 
lidity almost as great, and less likely to be i 
Ed than that of the stone itself, 
le facing is managed in many different ways in 
rent countries. De Luc, in his f Geological Travels,' 
i. page 381, describes the method of facing the 
is or sea-banks on the coasts at the mouth of 
Eyder, to be that of forcing twisted ropes of 
r into the face of the bank, with sticks, in place 
■e the turf had been disturbed. Between the; 
s the grass grows again. In other places hand- 
of straw are placed in the face of the bank, 
of which bending down forms a kind of thatc 
refuse of flax would also doubtless suffice for 
ne to prevent the abrasion of the soil by 1 
:s, and so would rushes or flags. Any kind i 
i or coarse woven fabric, such as hop-baggin 
he like, would doubtless temporally protect the 
from further damage, where the turfy covering 
tt be torn up, and so would wads of sea-weed. 
te latter indeed are much relied on for the set 
;s of the islets near Portsmouth. Trusses 
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straw, &c. might also be hastily applied when h 
damage is apprehended. 

In Holland, however, it has been customary to a 
a great deal of timber in sea-defences, and an 
the modes of using this expensive and peril 
material, is that of facing the bank with a 1 
work of strong oak, very accurately built, and 1 
compartments filled in tightiy with stone; but n 
costly modes of expense soon become nugatory, ft 
the constant shake occasioned by the action of I 
sea, the frames sometimes becoming loosened I 
letting the stone escape, and sometimes the stone 
shaken out, though the frames remain firm, 
times, also, the sea finds its way behind r! 
facing, and renders it useless, so that it appears d 
that in the facing of a bank we should "fot 
nature," and imitate, as far as possible, a natural X 
beach whereon the material is of a permanent ndl 
but so placed as not to give way to the res 
action of the wave, otherwise than by finding a n 
bed immediately below its former one, if that s 
be slightly reduced by continual washing, and 
thing beyond a slight reduction will be inadmissibh 
and hence in treating of the proper substances I 
facing, it will not be irrelevant to mention 
which, though sometimes used, are found to be 

roper for this purpose. Such are all kinds 
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, or material laid in cement, which, howeveT 

cious, sooner or later inevitably crack and break 
r, or become undermined and lose their earthy 
lOrt, from the continued agitation of the sea 
constant change which the earth of the shore 
irgoing. Hard materials, therefore, with a fi 
ral individual bearing on the soil, which are tin 
to regain that bearing when disturbed, are 
substances to he depended on without incessai 
wal. 

'■) The top or apex of the bank is a feature of 
ill the only question is the width of it, and th 
t depend greatly on the nature of the materi 
which the bank is built. If topped with stem 
narrower the better, to prevent a footpath or tl 
i of cattle, which might displace the stones, and 
i it might be brought up to a sharp edge. If 
material of the bank be clay, two or three feet 
ddth at the extreme top will suffice when swarded 
'. The width given in the diagram of 2£ feet at 
extreme height is sufficient, because the 
nee of that bank does indeed stop at the secoi 
sutlmrst height where it is five feet broad, th 
\let above that being only added to prevent the 
ih going over, and as a guard against any very 
aordinary but transient outbreak. This kind 
ilet is in the fens of Lincolnshire, &c. called 
vlge bank" supposed to be a corruption of scrad 
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ink, from being hastily scraped together a 
of the main bank to stem the ■ 
waters till they subside, and so to stop i 
inundation; and the width at top of it i 
portioned to the height of the bank by ■ 
proportions of the diagram, viz. half the 1 
the main bank for the outburst bank, and 1 
height of the outburst bank for the swash 1 
which, however, should always be kept up br I 
pairs, as the shrinking of the newly deposited 
rials, and the washings of the rains or tides, i 
reduce its width or height. 

But if the material of the bank be sand o 
earth, the width of the top must be greater, i 
slope and the slope at hack greater also. This e 
sion of width must he proportioned to the looser 
and want of weight or cohesion of the sandy mi 
rial, and even then care must be taken to cover 
surface with vegetation as soon as possible. In o 
nary cases, however, where the width of the to[ 
the bank is required to be greater than in the i 
gram, say 4 feet, such width may be given by 

iit'ion of the space at n, without destroying 
ler slope of the back of the bank. 

h.) The back of the bank will require not ( 
»uch a slope as will enable the material to si 
well, but also such as will admit of a good 
irmly established vegetation, and this de| 
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■pcinl much upon the material 
d ponderous adhesive earth will stand well i 

of 1 to 1, or less, and the slopes of the 
he bank in the diagram are so, of each of the 
thicknesses, and this is a good and sufficient 
for any earthy material that is likely to be 
loyed in the construction of a sea-bank, and upon 
slope vegetation is sure to prosper. The sea- 
ls of silty sand on the coast of Flintshire are 
i with lucerne, the crop of which is large and 
ible, being in a district abounding with horses 
loyed in mining. The roots of this plant are 
ng and elastic, and penetrate deeply, so that the 
itly collected materials are firmly bound together 
several years, when the grasses gradually ove 

the lucerne, and a strong external sward take- 
■>lace. For ordinary localities, howe^ 
i well to secure the surface of the back of I 
as early as possible with ray grass, couch grass, 
such strongly rooted grasses, and maritime ■ 
kish plants, as can best be obtained on the : 
r soil, since it is first on the back of the ban! 
any impression is made by an accidental ovcr- 
of the tide. This part once giving way, the 
is eaten away by the overfall of the wave from 
to front, by a process called "pecking" by ! 
the sea then breaks in, and a "breach" * 
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The safety of the bank, therefore, much ii 
upon the security of its back, 

(*.) The delph or drain, which in Essex and d 
where, in strong soils, is dog on the land 
bank or sea-wall, for the double purpose of a d 
and a fence, is a feature of some impoi 
much as if dug too near the land foot of the li 
it may be injurious by favouring and promoting 
percolation of water from the sea side to the 
side, under the hank, and in cases where this < 
is not so likely to take place, by reason of the 
hesive nature of the soil, as in more porous soils, 
danger is still imminent of its causing the hu 
the bank to slip and give way. On this account si 
on some occasions, several miles of delph have b 
filled up, and dug afresh at a greater distance 1 
the bank foot. Twelve yards from the iu. 
bank is the true distance, even where no i 
intended, but it will always be found convenient 
judicious to set out the space wide enough for a d 
way between the bank and the delph. The del 
should not be nearer, although there is a great t 
ation to bring it nearer during the building of 
bank, in order to make the materials from its t 
cavation available for the bank at a smaller distan 
The usual dimensions of the delph, when cut 
dependently of its materials, are 12 feet wide at 



wide at bottom, and 4 or 5 feet deep ; gene- 
r , for a fence against cattle, 3 to 4 feet depth of 
•x is requisite. The water should stand 18 inches 
! feet below the surface of the land ; but when 
material out of this necessary excavation is 
;oned on for building a part of the bank, then 
dimensions of the delph are arbitrary. Some- 

es they are enlarged into a lake, which becomes 
gerous to the stability of the bank, when both 
seaward and landward feet are laved with water, 
one tidal, the other perpetual, so as to promote 

t junction and co-operation between the two waters 
ch ought not on any account to be permitted, but 

rards which they are always tending. It is there- 

e by far the best plan to get all the materials for 
bank from the sea side thereof, and to use the 

terials arising from trie delph in footing and 

engthening the bank. In some cases, however, as 
soft, loose, sandy soils whose tenacity is insuf- 

ent to enable their sides to stand in excavation, 
delph must be omitted, as it might tend to bring 
Ti the bank, and only a slight rill or channel be 

rniitted to carry off the soakage from the bank, 
.ch, in such a soil, must be considered as in- 

itable. 

[n soils which have an ordinary degree of tenacity 

d adhesiveness, and the excavated sides of which 
1 stand, the delph is highly useful in keeping the 
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iank dry, and carrying off any water ' 



othi 



erwise remain stagnant. 



i-bank : 






(k.) The foreland o 
E ooze, slob, saltings, or mud-banks, 
embanked, or on the sea side of the embank 
id there is certainly no feature appertainit 
a sea-bank of greater importance than this, tit 
acts as the advanced guard to the bank itself, rn 
the first shocks of the sea, and deadens its force 
the bank, by decreasing the depth and bulk e 
wave. The broader, therefore, the foreland, ain 
higher above low-water mark, the greater its p: 
tion to the bank. In Essex, a county so fs 
for its sea-walls, the foreland generally stands 91 
feet above low-water mark, and some hundre 
yards outside the bank, and where it wears awi 
edges are scarped and stoned to prevent the li 
> valuable a defence to the sea-wall. 
But we do not now confine our contemplatJ 
possible intakes to such as those of Essex, but 
bracing those mud-banks which are covered by 
tide, we still deem some breadth of foreland 
luti'ly necessary in front of the embankments ol 
ntakes. Parties making such embankments 
laturally wish to enclose all they can, and will 
>erccive some advantages in getting as near ti 
sible, so as to insure an open el 
t it will certainly 



of the boldest undertaker, to leave at least 

M hundred yards in breadth outside his intake. 
e chances are, that this will accumulate, and there 
1 then be an increasing protection by lessening 
e depth and force of the wave upon the bank, 
ereas, without a foreland, the depth and force of 
sea are exerted against the bank without any 
igation. 

5f (/.) the gravelled footing to the bank on each 
c, there is little to be added to what has been al- 

idy said, — as to its forming part of the slope of 5 
1 ; as to its use in consolidating the base or foun- 

tion of the bank ; as to its forming a good and 

eful road, the traffic on which might also greatly 
d to consolidate the erection ; as to its cheapness 
a material for so much of the bank, and its form- 
1 a natural sea-beach of great value. All these 
nts have been mentioned, and need not be further 
urged upon, 

4th. The process of, and the precautions requisite 
building sea-banks, are very momentous consider- 

ons, which we shall notice under the following 

ads, viz.: (a.) General observations, (b.) When 
material on the spot is used, (c.) When the 

terial is to be brought from a distance. 

a.) Of the general precautions necessary to be ob- 
*ed, there is one paramount, viz. to avoid doing 

! work twice over, i, e. by preventing, as much i 
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possible, the material collected from beh 
away by the sea as the work proceeds, and to 
hat is absolutely necessary for the permanent # 
ity of the bank, but no more. These object* 
accomplished by some men at half the expel 
that others will incur, and it will be no small b 
towards the economy and success of the work for 
chief practical director to have clear notions of 
difficulties, previously to its commencement. Tba 
difficulties are, even in the most favourable case 
banking, great and numerous, and even at 
est, usually keep the ingenuity of the most ski 
and experienced on the qui vlve, whilst difficult 
engage their cares and anxieties night and day. 
first object is to ascertain whether the Boil of 
space to be embanked, or any portion of it, be 
for the bank; if it be, much care, anxiety, and 
pense are saved, for then it is only requisite to 
lect the earthy matter into u bank, in the 
convenient manner, so as to fulfil the condiUi 
already stated; but even in this case it will 
necessary to use the precaution of building the bi 
from the two ends, approaching each other towi 
the place of "shutting up," as it is called, 
closing, or finally excluding the Bea; and each 
should be of the full height, or at least the 
height of spring tides; because wherever the 
^^■aacrfiows an incipient bank, much of the mate 
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away, and the mischiefs 
s considerable. The bank therefore should 
t to its safe height at once. 
T creeks, rills, or deep gullies are to be crossed, 
"slush" is first to be scraped away, a 
F stone laid, not only over the whole space to 
:upied by the bank, but also at least 10 yards 
I that space on the Land side, and more than 
on the sea side, and on each side they 
; spread fanlike. This is to sustain any cur- 
t may take place at the reflux tide, and if the 
i tender and the stones not ponderous, they 
e laid in portions of heath, furze-bushes, 
■ even straw, so as to give them mutual 
i and support. A great effort should be made 
) out the tide at once from the creek, for which 
i great quantity of material should he gathered 
,he edge, ready to be poured in quickly, at low 
neap tide, and fine wenther being chosen for the pur- 
pose. A narrow bank may do at first, if of sufficient 
height, and it may afterwards be strengthened at the 
back with earth rammed down, and with stone in 
front thrown down, and pennitted to find a footing. 

As the line of bank advances along the shore, 
much watchfulness will be requisite; currents will be 
formed by the disturbed action of the tide, "gulls" 
(pits) will be formed, former channels will enlarge, 
and new ones appear, and the kVyoti itaeAJ \-i\ll i 
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in places to be tending seaward. To meet tliew 
symptoms, stores of stone, of grass turf, and of 
heath, furze, fir tops or bushes should be 
at an early stage of the work. The loose or fnilinj 
earth should be retained in its place by a judicial 
use of these materials, which themselves may rcquift 
to be retained by piles, for which Scotch fir t 
nings and boughs of little value may be used. That 
precautions will probably be more particularly re- 
quisite as the two ends of the bank approach each 
other, towards the place of shutting up. The tid 
way will then be contracted, and the rush will 1 
great, both of the influx and reflux of tide. Much 
of the material at the ends of the bank will thus li 
carried away, unless guarded with turf kept dow» 
with stone during the flow of tide, and removed i 
its reflux when the work is renewed. And if tber 
should be any disposition in the earth of the sbor 
to be moved by the tidal stream, it must be pre- 
vented by the sort of pavement of stone already 
mentioned, and fanned out to a sufficient extent t 
enable the soil to bear the current without bei 
removed. 

Much judgment is required in choosing the place ft 
shutting up. This is often fixed at the deepest part o 
main channel, as the natural inlet and outlet of t 
tide, and sometimes no other can be adopted; but 

1 be matter of serious thought, whether the s 
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not with advantage take place on higher 
nd the main channel he crossed by the bank 

ie that this will impound a lake inside, of the 

and depth as the channel, but this water 

timately worked out by the sluices ; and by 

■er ground to shut up on, longer time will 

ned for working between tides, and less material 

Will suffice. It should also he considered, whether two 

r more "gaps" are not preferable to one. 

But wherever the shutting up takes place, cnre 

•hould be taken to collect sufficient material of every 

ind likely to be wanted to shut up in one tide; and 

with this view, the two ends of the bank must be 

advanced accordingly with guards of turf, heath, and 

tone, as already mentioned. As the earth thrown in 

Mains a position ranging with the general front line of 

>ank, it should be covered with stones thrown down at 

kndom, but close, and secured with spray of some 

ind as a key. A boom also across the gap is often 

useful, whilst shutting up, to check or equalize the 

urrent. 

In very difficult cases, sand-hags, i.e. about half a 
:«bic yard of any kind of ponderous earth enclosed in 
coarse hempen bags, must be provided in great num- 
ready to throw into the gap at such critical 
moments as may require the most strenuous exertions 
for the purpose of shutting up between t\ie otA M\iR> 
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shovel-falls of earth, and even large riMMW* 
carried away by the force of the current; where* £■■ 
sand-bags arc weighty, and contain many shoveUAfl 
though taking scarcely more time to throw in thinrf I 
shovel-full, and they afterwards accommodate tjffl ' 
forms to each other, and pack very closely tOgetPlW 
but they should be afterwards guarded by a ctxnM 
of stone outside, and staunched with a thick backaf ^P 
adhesive ponderous earth on the land side, 

The sea being shut out, it remains to mil 
bank to its full height, i. e. by adding what we calliitl 
outburst and the swash-banks. This may be done w&w 
the material from the "delph," dyke, or drain, dng*l 
the land side, mentioned previously, provided the nil 
thereof possesses the properties of weight and cohcaBl 
in a sufficient degree to be eligible for that purpose. I 

A very important precaution is to divide the intu*l 
into as many portions as circumstances render com*] 
nient, making so many separate intakes or levels, stoW] 
an intake of moderate size is much more manageaWl I 
and less expensive per acre than a large one; andfj 
any rivers cross the ground, as is almost sure * 
be the case in large undertakings of this kind, it 
much better on all accounts to construct separate. 
independent intakes between those rivers, even if th*J 
should be but insignificant streams, than to attempt t* 
enclose such streams within the bank, and afterwarA 
t them out, because, however contemptible net 



may be in summer, they almost always (espe- 
mountainous countries) pour down a vast 

of water at particular seasons, which it may 
possible to carry off in time for vegetation, 
janking out such rivers and streams care must 
i to embank them quite as securely as against 
leaving them a good wide berth diverging gra- 
lut sufficiently towards the sea, and taking 
; they disembogue clear of the sea-bank. And 
there should not be rivers or streams inter 
any space within ?O0 to 1000 acres area 
I for an intake, it would be prudent still to 
le bank to land when that space was gained, 
'hen the soil is treacherous, still greater pre- 

are requisite, and much more ingenuity and 
ness in foreseeing and providing for untoward 
DeBides a considerable degree of coolness, judg- 
ed skill in remedying, at the instant of their 
ice, such events as could not he foreseen. 
3 the men employed on the bank as foremen of 
is must possess the rare qualifications of much 
ge of what they have undertaken, joined to 
ss, coolness, and great temper, and manage* 

the workmen, whose respect and confidence 
1st possess, not only as to skill, but as to fair 
and respectability of conduct. It is always 
'hile to pay a man so qualified handsomely, 

kl instances such men have proved as 
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of a general nature are well 
e'a. to raise tbe bank to U« f-H 
nan as poaaabse, and to allow in so doing (or 
from one-eighth to one-fifth of 
let the earthwork remain, for 
maj stone fiunng, till it is «en what 
„ the bank, what »lope it r«*r». 
consolidate and take a natonU 
facing « P u * °"- U J 
of material u* ? **»- 
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place, but this would be much checked by veil 
ming the earth in front, after covering it with a tiia 
coating of gravel ; and the loss will be amply r.p|» 
sated by additional solidity, by the saving of one V 
interest on the cost of stone facing, and by the 
of that confusion which takes place when 
different works are going on together upon a 
space. 

With every possible precaution, however, a new 
bank will seldom be completed without one of t 
accidents called a breach, viz. the blowing up 
carrying away of a portion of the incipient bank 
often of part of the soil of the intended intake 
considerable depth. This usually happens in a 
quence of the water penetrating the loose earth th 
up, and is attended not only with considerable 
pense of restoration, but also with a great dimim 
of that favourable prestige towards the undertak 
which it is desirable to cherish. 

These breaches might often be prevented by 
simple operation of giving cohesion to the 
by ramming them dovm as the bank advances, a 
slight degree of consolidation in addition to the nal 
weight of the earth being sufficient to prevent the 
eolation of the water to any mischievous degree, 
even should a breach happen after all, it is by 
means so awful an occurrence as generally regan 

t simply an addition to the cost, — a matt 
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at all times avoided, and therefore to be carefully 
rded against. Such breaches often happen by 
e&son of some spot along the line of hank which is 
18 firm, *. e. more watery and soft, than the rest ; 
mce the necessity of previous examination of the 
ac, and the precaution of rendering such spots firm 
id sound as a foundation for the hank. 

(6.) In cases where the material of the slob ot shore 
a be embanked is applicable to the building of the 
auk, much expense and delay may be avoided, and 
here can be but few cases where that material is 
rholly inapplicable, since any soil which is so entirely 
devoid of argillaceous matter, as to require to be wholly 
rejected, can hardly be a fit subject for an intake. In 
reneral, indeed, the whole or nearly the whole of any 
tea-bank may be thrown up from its own vicinity, 
either by means of barrows running on planks, or by 
lorses and carts, either of which may be accomplished 
at an expense of about sixpence per cubic yard; and 
nc of the advantages of these modes is, that as much 
force as is wished may be employed along the line, 
and the work done in the shortest time possible, t. e. 
within the working days of one season, reckoning 200 
days from the 1st of March to the 1st of November, so 
as to obviate the necessity of leaving the unfinished 
bank to the " pelting of the pitiless storm'-" for a whole 
winter. 

In cases where all the bank cannot so.ve.V$ V*. W*. 
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i employed; and according to Mr. Mylne's 
snce before the Committee of the House of Com- 
l on a Railway Line, " four men can fill and wheel 
uhic yards of clay a distance of 20 yards per day 
As., which allows each man 3s, Gd. per day, and 
iges "2\d., say 3d. per cubic yard, allowing 
! for each additional 30 yards." This was also 
:r*s rule, and is important, not only in ascertain ii 

quantity of work can be done in a given time, but 
its cost in this mode of collecting the materials of 
lb. 

is an advantage of barrows and planks, and 
; degree of horses and carts, that they admit 
lumber of hands being employed, so as to exclude 
ea in one season,— this being of great importance, 
rder to prevent its ravages upon an unfinished 
. Thus it becomes expedient to have several 
les or portions of the bank going on at once, by 
■ent gangs, and this will occasion several gaps or 
:s for closing, which will be an advantage, since 
"orce of the reflux tide will be divided, and tl 
ig more easily effected. 
) In cases where the earthy matter for the bai 

be drought from a distance, a much greater an 
lachinery must be employed. In some cases 
icen brought in barges where they could be loadc 

the shore, but the best way is thought to be by 
i and tip-waggons, the experience of which 
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haa become diffused by railway practice, so that tin 

needs but one caution in collecting materials for t 
bank by them, viz. to build the bank to the k 
height as soon as possible. 

The advantages derivable by the use of tram-row 
are, however, much diminished by the original cost 
them, and by the loss of time in placing and I 
placing them. They are also liable to the object! 
of depositing the earthy material loosely without V 
assistance to its consolidation, — an object found to 
better attained by horses and carts, whi 
with a little ingenuity, be so worked in collecting t 
material, either on the spot or from a distance, that 
the weight of the carts and the tread of the hon 
might be available pretty uniformly over every p 
tion of the bank; and where this is not done, i 
nunming of all the earth that is loosely cast shen 
be adopted, in order to consolidate and give it tl 
cohesion which is one ingredient in its streng 
besides preventing or checking its loss by the i 
of the tide, which latter effect alone would in at 
cases repay the expense of ramming; and in one t 
I have known a breach, and 10,000 acres, drownei 
where ramming would certainly have prevented I 
catastrophe. 

As to the expense of the machinery in ( ■: 
by means of tram-roads and waggons drawn by horsfi 

appears by the evidence of Mr. Robert Stephenso 
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sat Western Line, that a contractor's stock 
i worth 

r rails and chairs . . . 
r points, croasingB, &c. . 
r waggons .... 



; they will be worth, when the work i 
wo or three years, 



ie rails, &c. one-half 


£ 1293 


tie points, &c. one-third 


96 


ie waggons, one-fourth 


144 




1533 


The difference will he 


£1916 



on three miles of such a bank as the diagram, 
nclosing 1000 acres, will be about l^d. per cubic 
ard, and this is exactly what Mr. S. makes it by 
another mode of calculation. This mode of doing 
work is therefore best calculated for large under- 
takings, or for those who are already possessors of 
ch stock or plant which may have been before used 
; railways, ike. 

Of sleepers, Mr, S. says that 3000 are requir 
mile, and they cost, if permanently good 1 
oak, 6s. or 7s. each; Scotch, about half, but the 
won decay. Now, however, good tram-road sleepers 
had at much less money. 



UN used 

larch or 
lie latter 
sleepers 
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f locomotive engines to draw 
is condemned by some engineers as no 
with any advantage, at less distances than 
miles; they are then by some reckoned to 
things considered, very nearly as much as hi 
carts ; by others, where earth is moved by 
carts at 6(1. per yard, it may be moved by 
engines at A\d. per yard. By others, the 
locomotive engines is reckoned at 2d. per van 
mile, although the engine itself may be hired lit 
to -pVths of a penny per mile. But one etigii 
thinks they do the work at halt" the price of hoi 
(Sec Bree's Railway Practice.) Then? is, howe 
considerable difficulty as to their working on so 
settled a foundation as an incipient sea-bank. 
George Stephenson says, '" I stated last year it 
impossible to use locomotive engines upon a I 
porary road with advantage, and I now repeat, 
would be much dearer than horses: if you cai 
a mile or two of permanent road, I think they 
be used, but it is madness to attempt it upon 
embankment." lie, however, remarks that they 
be advantageous in point of time. Time also is a got 
matter in the execution of sea-bank work, since work- 
ing months are nearly limited to those from the 1st rf 
March to the 1st of November, and night-work is bf 
some engineers reckoned double the price of di] 
work under favourable circumstances for the 



.pidity with which a bank could be built 

-roads and horses would be limited by the 

: tip-roads. At the early part of the work 

■ be six tipping- pi aces, and 800 to I0OO 

Is per day might then be delivered with a 

ngement of the work, but these tip-roads 

ually diminish to two, which would deliver 

300 yards. Now, if 750 cubic yards could 

iplished as the average, a bank like that of 

■am would be erected within the working 

of one year, viz. 1st March to 1st November: 

a bank, from three to four miles long, and con- 

ining about 100,000 cubic yards per mile, might be 

Completed in 200 days, or from 1st March to 1st of 

Yovember, including some night-work in the summer, 

itid working from each end of the bank. 

But whichever mode is adopted of getting together 
the materials of a bank from a distance, the work will 
proceed with a certainty of effect, provided the mate- 
rials are good, i. e. not light and loose enough to be 
much washed away by the action of the tide after de- 
position, and not open or porous enough to allow the 
water to percolate through, after the bank is finished. 

In all such works, experience proves that everything 
depends on arrangement and method, but i 
ticularly with tram-roads and waggons, since < 
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66 frocks* or kxbaxkikc. 

tractor will be rained at the nmc rates by whi 
another makes a fortune. Nothing, there/ore, CI 
more important than the consideration of the 
method* for conducting the work to avoid confo 
and so that each teamer must keep his time both | 
and coming; that no time may be lost; that 
waggon should carry its proper load, and tha 
loitering should take place at one time, and hnrrji 
at another. These are matters depending 
on the skill of the managers and overseers; and 
degree of that skill, and the constancy with wl 
it is exercised, will make full 25 per cent, di Serena 
in the cost of the work. Some general views 
however, be mentioned, — such as that of wa 
capable of being tipped on either side, instead I 
having to go to the bead of the bank, by whk 
means any number of loaded waggons might 
employed and led to any required distance, unload 
and return by the same line of rail or tramway, 
when sufficient earth was collected, the rails might 
removed, and the earth shaped according to the a 
tional area previously determined on. Thus si 
posing the bank required to be that in the diagram 
would first be necessary to raise a bank- to the bei( 
of spring tides, say 10 feet, and to place a single rail 
ili:ti. : this 10- feet bank would be raised in the sal 
manner by unloading on each side from rails laid 
ihe aioh. during the tidal working hours, till 
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i material collected to form such a bank ; tbe 
could then be piled up in proper form, 
led to consolidate as it arose, and tbe single rail 
d at top of the 10-feet bank which might be built, 
I centre upon the point c in the diagram, and 
f 9 inches to 1 foot slope on each side, which 
B would be increasing continually by the unloading, 
ten this was accomplished the workings could go on 
\ times of tide ; no time would be lost, because the 
s would have another set of waggons filled by the 
: tbe empty ones came up, and the horses, with 
■ tbe slightest contrivance imaginable, might be 
e to push the empty waggons back again for reload- 
, and for that purpose would only have to turn 
wives round upon the tram-road. Thus arranged, 
j line only of rail would suffice, and but once mov- 
I of that, Any number of waggons might be used, 
s soon as sufficient earth was collected, the bank 
t be " Ucked into shape." There might be some 
j labour in shaping the material for. the rail-bank, 
i as to clear the rails laid on the slob itself, or a 
gravelled road thereon, at first ; but this would not only 
be trifling, but highly beneficial in mixing and incor- 
porating the material, and its consolidation by ram- 
ming would much assist in securing the nucleus of the 
bank, and rendering it not only firm and adhesive, but 
impervious to the soakage, — benefits far beyond the 
>ense of shovelling up the material. 



5th. The best line of direction for a s& 
so often attended to as the matter deserves, 
should be considered with reference not 
extent of the ground to be embanked, but 
exposure with respect to the prevailing wi: 

The best line of direction is not one at right 
with the prevailing winds and seas, but 
the same direction as these, — not a straight lit 
one affording such curves as that the salient mj 
may protect the retiring lines, — not actu; 
but with projecting elbows here and there, so placed 
to embay the spaces between them. The benefit! 
these projections are considerable. They 
under some circumstances of wind and tide, 
extensive reaches of bank to leeward of them, an 
other cases they break and divert waves that m 
otherwise rake the bank for miles. They act as jet 
also, and tend to accelerate, if they do not actu 
cause, the accumulation of silt and mud in the oig| 
leeward of them, and so not only strengthen the bt 
but also prepare for another embankment outsidi 
the first. Care must however be taken to enable tl 
advanced guards to sustain the rudest shocks of 
ocean, and, with this view, they must be well covi 
with stone over the whole of their height above tfcfr 

The position and distance of these points n 
depend on the general form of the shore and on 
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1 be well to place them upon any rocky 
ally points that may exist on, or near, the line, 

any little mounds that may occor on the Hue, if 
d materials, but also so as to present one of th< 
tcting sides to the most prevalent wind and 
so that it may throw off to seaward any \ 
jig that side, 
e distance of such points may be from one to 

igs, and in the case of bays between, they may 

distant, even to a mile. The bank in the inl 

rate spaces between these points had better be 

r curved than straight, and the curves had better 

rtther inward towards the land than outward to- 

the sea, — because the power of the wave will be 

lished by the inlet or bay thus made, and it will 

i tendency to fill up and strengthen the bank. 

choosing a site for a sea-bank, care should also 
iken to avoid those spots which are exposed to 
jreat current or rush of tidal or land-flood w 
nst the bank, since the force of such waters 

great as inevitably to overcome the resistance 
st any hank. In estuaries or inlets where the en 
,e is wide but suddenly narrows, these currents are 

very strong, — the tide comes up with an "eagei 

bore" as it is variously called, i.e. a wave 
ral feet in height, — as in the Severn for instance. 
ti scarcely any bank could receive "full on" 
destruction; although it might pass innoxious from 
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end to end along the line of bank. Sometimi 

most tempting land-locked situations are liable to ' 

objection, and where it seems only requisite to] 

two opposite projecting points by a bank, in orj| 

gain a large extent of land, and yet such a bank I 

almost impracticable by reason of the strong i 

mt with which the tide sets in against it. On 

:her hand, there may he very eligible situations! 

:a-bank, even in such estuaries as are filled by 1 1 

idal current, because there are often in such esHH 

■ojecting points of land which break the force oi 

rrenr, and in the bight of which the tidal ril 

almost tranquil. These are therefore points oi 

utmost importance to be attended to in the chffli 

an eligible site, or line, of intended sea-bank. 

6th. But the most essential consideration in the 

>f a sea-bank is its situation with reference W 

,ter mark, since on that depends the drainage ol 

nd embanked; — and unless that is perfect, its n 

lation and cultivation are hopeless. This drains 

to be effected by means of sluices, with valves to 

with the tide, and to open by the pressure of the 

waters, and of these we shall treat further on, undtf 

specific head of Drainage. 

The bank, therefore, must be placed sufncie 
above the tide at ordinary low water to admit o 
sluices remaining open as nearly six hours as post 
and in general for four hours at least, 



water mark, the return tide would evidently shut 

uice valve, or door, almost as soon as it was 

ed by the tide receding, although so long as the 

it of water inside the sluice is greater than that 

ide of it, so long will the sluice remain open, 

n placed so low, however, the run is stopped 

ever the tide does not recede so much as visual, 

ch often happens when the wind keeps up the 

and also in neaps. Therefore the sluice must 

ilaccd, as nearly as circumstances will admit, so far 

■e the low water of spring titles as will allow it to 

: six hours' run between tide and tide, beginning to 

at half-tide of ebb, and continuing to half-tide 
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ut the sill of the sluice should be at least 2 ft 

w the level of the land, therefore the proper height 
e foot of the hank above low-water mark is 4 feet 

:ast. Most speculators will, ^however, carry their 
of bank to within 2 feet of the low -water 
; but this is imprudent and injudicious, as the 

test fault of an intake is being too low with refer- 
to the tide, and the more especially when it is fiat 
well as low, in which case its drainage is difficult 
expensive, and, however good the soil, its cultU 
on must be imperfect without the expense of 

hine drainage, in addition to what natural drainage 
be obtained. We conclude, therefore, that the 

; eligible situation for a bank is such as will alio' 



: 

.*ht 



I'l SITUATION OF TUB HANK. 

of about 2 feet from the sill of the sluice to dead 
water, that sill being placed 2 feet below the g 
level of the land, i. c. the land being 4 feet abovt 
water level; but this must depend on many ci 
stances, amongst which the quantity of water int 
to stand inside the intake, or what is usually t 
"the fleet,"must he taken into the account; and 
cannot be drained, it will be important to 
how much beforehand, and to place the bank 
ingly. Thus, for instance, should the proposed inl 
consist of 1000 acres, and should the chief parti 
700 acres, of its surface, be 4 feet above the dead 
water, it would be sufficient; although 200 
might not be above 3 feet higher than low water, 
even 100 acres either not above 1 foot higher, or 
ebbing dry, since these lower levels may either r 
as fleets (lakes), or, if worth while, be drained 
steam. 




TILE ELIGIBILITY OF A SUBJECT FOR 
EMBANKING. 



The eligibility of any shore, slob, ooze, or salts, — as 
pace covered by the sea at high tide and ebbing 
ry is variously called in different localities, — may be 
tly inferred from the preceding observations, but 
ere are also various other points to be specially con- 
dered, amongst which the following may be regarded 
the most essential, viz. 

(a.) lis height of base above the tide. — This is im- 
rtant for several reasons, but chiefly on account of 
drainage to seaward ; for, as has already been 
ticed, unless there is height enough above ordinary 
medium low water to admit of the sluices running 
m four to sis hours between tide and tide, no suffi- 
snt natural drainage can be obtained, and it may be 
cessary to resort to the expensive means of steam 
ainage, and even that may not be effective in all 
i.e. cases in which the land waters come down 
ry suddenly. 
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there called, is ever attempted of ooze or mud :ra- 
flowetl by every tide. It ia only the saltings wto&B 
considered fit subjects for that speculation, and the* 
are only covered by spring tides. The banks, ot,» 
there termed, sea-walls, are therefore on gri 
rally 5 or 6 feet above low-water level, and the M 
walls seldom exceed G or 8 feet in height above™ 
seat. Still it is very possible to embank and & 
lower slobs than these, but the difficulties are pro 
tionate, and on the whole it must be concluded, ill 
any slob of less height than that which admits of 
to six hours' run, unless of extreme fertility to a 
steam drainage, is not eligible for embankment, 
besides the drainage, the lowness of the ground mm 
be compensated by additional height of bank, and 
hazard, and the expense of security against that h 
are thereby increased. Still, land-locked and shelte 
banks may securely admit of a great height of ban 
made strong enough, but then the expense may be 
mented beyond the ultimate value of the land I 
gained. There is also another point, in which the h 
above tide is of consequence, viz. that in low 
soakagc from sea to land is greatest, and the hazan 
the bank blowing up more imminent. Besides, low 
have seldom attained to those qualities of soil w 
are essential to fertility, and which time alone can 
There is yet another objection to low intakes, v 
ley contain so much salt from the consta 
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d the tide, that they are a long time in becoming 
larfEciently freshened for cultivation, and that time 
n prolonged in proportion to the tenacity of the 

■ the second place, eligibility much depends on 
Bl( nature of the soil of the space proposed to be 
,t embanked, which must in particular be carefully consi- 
f dered. In Essex, where the banks are placed so high, 
j toe soil is particularly favourable, both to sustain em- 
bankments, and as a material for making them, and is 
I called Marsh clay, being probably the debris of the 
tondon clay, macerated by diluvial action. In the Isle 
tlf Ely and Lincolnshire the soil is silt or a sea-sand, 
Ponderous from the smallness of its grains or particles, 
and somewhat cohesive from that cause, or from the 
argillaceous matter mixed with it. Here also few em- 
bankments are less than 5 feet above low water. The 
best and earliest indication when a marine soil has be- 
come fit to embank is the growth of samphire, which 
demonstrates its stability and permanence of position, 
and is the forerunner of the marine grasses, so healthy 
for sheep, which are largely fed on the very extensive 
tailings of Essex, care being taken at first to drive 
them off as the tides put on, though tiiey soon learn to 
come off themselves, before the filling of the creeks 
jrevents their escape. 
The best soil for an intake, therefore, is that clayey 
on sufficient marine \wto«%fc ijjwt* ' 
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afford sliecji-feed of some value, and tliis will b 
the level of ordinary tides. 

The next best is silty earth, with sheep-fee 
that already mentioned as found on the Linct 
coast. 

The third is mud-banks with samphire, over 
the spring tides always flow. 

The fourth is mud, over which the tide alw 
more or less, and this is eligible in proportion toil 
clayey matter. 

The fifth is what is called sheer sand, 
almost barren, except as to a few plants, such as tbf 
eringo, the sand-rush, &c., hut sometimes i 
sand is rendered to a certain degree fertile by t 
calcareous matter of comminuted shells, or may be 
rendered fertile by raising on its surface the marrf 
substance sometimes found beneath. 

A sixth class may be designated in those sandy 
and shingly dunes, which continue for ages bare d 
vegetation, and are only worth embanking on account 
of local value; and these must be deeply cover 
with mould to enable them to grow anything. Therl 
is a breadth of several miles of such sands and shingU 
between Lydd and Dungeness on the Kentish coaS 
and much also south-west of Hunston in Norfolk, s 
about Yarmouth. 

In our judgment on the all-important subject of 
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stinking deposit of the sea amongst sancty par- 
ies, — not to mistake the mere decay of marine vege- 
incxhaustible fertility or rich manure. Such 
n dries into a caput mortuum, and little but 
sand remains. To secure permanent or high 
there must he sufficient quantity of argil- 
iceous matter to render the deposit somewhat slip- 
:ry under foot when in a moist state, and if some 
•hells are seen, so much the better. 

A chemical analysis of the soil would be highly 

iteresting, and by it the proportion of humus in 

le soil, as represented by the animal and vegetable 

matter, would probably be great; hut the proportion 

of argillaceous matter, with reference to its staple and 

towers of fertility, would be but vaguely expressed 

y the proportion of alumina or pure clay thus found, 

ince that is a substance scarcely existing but in 

chemistry, and in nature is so universally mixed and 

nalgamated with silicious and other matter, as to 

;ad to the conclusion that it is not the quantity of 

his constituent, so much as the nature and mode of 

admixture with other constituents, which give 

,ple and fertility to a soil, Liebig's (or rather 

iprengel's) analysis of soils gives an average of - 908 

cent, of alumina in 18 cases of light sandy soils, 

nd an average of 2 - 559 per cent, to 8 cases of poor 

iiferlile soils, one of which was 4*200 per cent. Also 

n average of 1-624 per cent. ol Alumina *ca % casRs> 
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of good loamy soil, the highest being 5*129 
lowest 0*650 per cent. One of these was t 

iland, and had 4'941 per cent, of alumina. 
average of 4*383 per cent, of alumina to 12 cases! 
very good land, and 12*700 per rent, to 3 cases ( 
remarkably fine wheat land, though not very 1 
whilst 4 cases designated as strong land, or heirj 
land, contained an average of only 1*969 per cent. & 
alumina. Though the infertile soils here show till 
smallest quantities of alumina, and the good i 
soils the largest, yet in other respects the proporti 
of alumina are not such as to afford a safe or s 
ciently intelligible criterion of staple and fertility in 
that particular. A specimen of soil from Weston, 
Hunts, on the heavy chinch clay, the coldest 1 
heaviest of all soils, analyzed at the Board of E 
nomic Geology, Craig's Court, (now Jermyn StredJ 
London, gave 9*7 "alumina or clay earth," which s 
a clearer mode of expression than by alumina, nieooinj 
pure clay ; and any one accustomed to judge of thf 
acreable produce of soils under fair farming, and 
thence of their rental value, would prefer an analyst 
which gave the argillaceous and silicious matter g 
rally, the other minor ingredients of soils being I 
minutely expressed as chemistry will give, although 
after all, the outward and visible signs are quite t 
rient to enable those who have long made it t 
» study and practice, to form a correct judgm 
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e capabilities of soils, which depend on many cir- 
mstances besides the chemical ingredients — as situ- 
tion, aspect, subsoil, drainage, condition, and the like : 
•till it is thought that an analysis of soils proposed 
be embanked would be very desirable. The late 
ev. Mr. Rharn quotes as rich alluvial soils three 
stances containing respectively 81, 79, and 74 per 
nit. of clay, 10, 10, and 6 per cent, of sand, and ] 1J, 
1$, and 6J of humus. The German chemists con- 
soils as clayey when containing about 50 per 
argillaceous matter, loamy when 30 to 50 per 
sandy when 10 per cent. Soils to be fertile 
should also contain at least 5 per cent, humus and 
per cent, calcareous matter- 
In Essex, where the marsh clay is very tenacious, 
years must elapse before the salt is sufficiently 
off to admit of cultivation, but it happens 
Doner in sandy soils. The fertility of the soils of 
ntakes is, however, partly due to the saline as well 
to the animal matter which they contain. It is 
only the excess of saline particles that is injurious 
vegetation, as may be proved on any land where 
It will destroy the had grasses, but, when sufficiently 
Uuted by the rains, will encourage the succession of 
ood grasses. 
One may judge of what the sea-mud will come to 
hen laid dry, by observation of the neighbouring 
tore*. If they are argillaceous, so vj'ifi. ^c "Ow^ «S>- 
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with a long sea-reach having full 
ainst a sea-bank which stands broadside to the 
ircvailing winds, it is so continually flogged and bat- 
tered by the waves, that nothing hut an expense dis- 
iroportioned to the benefits can sustain the banks. 
t therefore becomes necessary to look carefully to 
Jlis point of shelter, as one of eligibility, and for 
headland or some rock, some spit of land or 
bank of sand, which may either act as a shelter from 
the winds, or as a breakwater from the heavy seas, 
aince the more sheltered and land-locked is the site 
of any intake, the more eligible and secure will be 
its position, the more valuable its property, and the 
less expensive the maintenance of the sea-defences; 
.rid moreover it is in such situations, as in bays, 
coves, and inlets, that the richest and best diluvial 
and alluvial deposits of soil are most usually found. 

(rf.) It is also a point of eligibility that the pro- 
posed intake should have some difference of level, — 
should be somewhat of an inclined plane, and some- 
what varied in surface, into table-lands and channels ; 
so that the waters falling on its surface may have 
free discharge into those lows or fleets which usually 
occupy a considerable portion of the surface of marsh 
lands, without which a good and sufficient drainage 
of the lands for the purposes of cultivation 
tremely difficult, as a dead flat is apt to retain 
surface water too long for vegetation, even , «U« 



.in tin-. 

i 



bai 

ins 

lin 

i^loo 



8l SUIMECT FOR EMBANKING. 

provided with grips, or surface drains, to cany 
off. 

(e.) But though some main channels and deviatio 
from dead level are desirable, it is also good tt 
the surface of the intake should not be cut up ' 
a multitude of rills and gutters, which may cm 
great expense, not only in crossing them by the p 
posed embankment, but also after its completion, 
filling up and levelling them for the purpose of C 
tivation. It happens generally, that the higher t 
lands to be embanked, the more they are inl 
by rills and creeks, and this is a common drartiA 
on that point of eligibility which relates to bei 
above the tide. The lower levels of the shore 
slobs are, on the contrary, almost free from this 1 
jection, and when in other respects eligible, tin 
lower levels present tempting subjects of cinbar 
ment. 

(_/".) Another consideration of no small account 
that the subject affords a good and solid founds!: 
for a sea-bank, such as will bear the weight ! 
stand the test of the rudest shocks of the sea, — ti 
as will neither slip nor sink, nor admit of a 
degree of soakage,— such, in short, as will sustain 
bank, and remain firm under all circumstanees,- 
insure which trials should be made along the wl 
line <fcf intended embankment; and in case ofi 
loose, soft places being discovered, such as often e 
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Ebw slobs, they must be carefully filled in with 
ad material before the bank is set thereon. 
7.) Climate is also a momentous consideration, 
happens that on the eastern shores of England 
ich less rain falls than on the western side or 
intainous parts of the island, and on these eastern 
ores are the greatest extent of marshes. A dry 
climate renders less necessary the means of drainage, 
"*rhilflt a wet climate almost baffles every means of 
3 that can be adopted upon very low flat lands, 
With but a slight fall to seaward; hence in climates 
here much wet falls, as amongst mountains, the 
eligibility of any subject for an intake will be pro- 
portioned to its capability of drainage. Still it must 
be recollected, that this objection only involves the 
question of a greater number of sluices, which are 
10 great expense, and may be aided by steam. 

(A.) In a mountainous country, or even such a 
me as presents a considerable slope towards the sea, 
the inland waters may be so considerable as to re- 
quire great expense in conducting them to sea, clear 
of the intake, by means of catckwatcr drainx inter- 
cepting those upland waters, and carrying them out 
to sea, independent of the waters of the intake; viz. 
those of downfall upon it, or springs rising within it: 
hence such intakes as have the smallest quantity of 
upland waters to provide for, are the most eligible 
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(t.) Yet, although a due supply of fresh water he or 
of the most essential features of an intake, and t 

supply from natural springs rising within it be very i 
sirable, stilt too many strong springs rising in an ii 
may detract from its eligibility, by rendering it n 
sary to sluice out so much water. Therefore « 
springs should be sought for, previous to determini 
on the embankment, and their discbarge provided for. 
(k.) When vast accumulations of infertile grave 
detritus are brought down by rapid rivers, and de 
sited on the site of an intake, it is a mark of inel 
bility; inasmuch as the courses of those rivers 1 
embanked are apt to fill up with gravelly debrii, 
either to overtop or hurst the banks, thus i 
floods at least, if not invasions of fertile lands I 
covering of infertile soil. The only caution i 
this defect is a wide opening between the river ban 
but even this often avails but little, unless the i 
powerful enough to cut its way to sea through its e 
deposits, or be assisted by the steam-dredge — a powi 
machine too little patronized. 



III. OF THE DRAINAGE OF EMBANKED 
LANDS. 

The modes of drainage of an intake have 
touched upon, but require further explanation. As 
■eady mentioned, the usual discharge of the land 
aters to seaward is by sluices placed through the 
tank from the landward to the seaward side. Such 
nicies are most common in Essex, where they are 
instructed of 2 or 3 inch elm plank, secured by oak 
and ties, and piles ; the run or width of the water-way 
i seldom so much as 3 feet, often no more than 18 
inches, and about 2 feet in height. They have what 
ore called tankard-lid doors, working on a bar with 
rounded ends in a cheek, attached to each side of the 
i end of the "gutter," as it is there called; the lid is 
. little springing, and if necessary is loaded, and 
lometimes fitted with copper or leather at the edges. 
'hree feet is however rather too wide for the tankard- 
id, and small pointed doors have perhaps answered 
lest for such an opening. The elm timber is found to 
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fast a great many years in constant wet, and 
is more generally rendered necessary by the s 
or teredo, than by natural decay. Foreign deal is all 
found to answer well when always wet. 

An iron syphon, carrying the land waters over ti 
bank or wall to sea, was erected at Tollesbury in E*s 
but was soon discontinued. 

Iron cylindrical lubes have been adopted 
thought not judiciously, unless they are always torn 
full ; since, with a small run of water, it is evident thi 
the flat base of a parallelogram will carry more wti 
than the curve of a cylindrical tube, although the Wl 
will carry more water than a rectangle having the su 
periphery. 

The best level at which to place a sluice to affi) 
the longest run is probably between the mid-tide k 
and the low-water level of neaps, because although I 
run from mid ebb to mid flow is near the maximui 
six hours' time of running, yet in case of there h 
any water in the intake above that line, ita weight! 
push its way for some minutes, perhaps an hour, 
fore mid ebb, and for the same time after mid j 
making the run seven hours. If placed lower, 
valve or door of the gutter or sluice would be a 
sooner by return of tide ; and if placed higher, itwo 
run longer, but take off less of the land water. Ajl 

ice has been found useful, so placed that it si 

e off the first few inches in depth of any more ti 



DRAINAGE. 

Ordinary accession of land waters, the other and 

luices working out the remainder. 

The position of these sluices must he well out to sea, 
e. with as little impediment as possible and with a, 
lannel cut from the sluice to low water, not discharg- 

g into side streams which will override and atop 

em whenever a flood takes place, at the very time 

eir free discharge is most requisite. But on very flat 
lores some difficulty may exist as to keeping open 
le sluice doors, by reason of silt and shingle thrown 

by the sea against them, if placed near to low-water 
"ttrk. For this there is no remedy but either continu- 

l the sluice to seaward, or occasionally clearing it, or 

Iping it to clear itself. 

The requisite number of these sluices must be mat- 
r of experience after the bank is completed, since 
one can tell what springs may rise in the intake 
ter the tide is shut out, nor what quantities of water 
»y come from the high lands adjoining, besides what 

a on the intake itself, A very considerable provision 
ust certainly be made for the discharge of these 
aters, and many sluices must be laid down. In 
MBS, where the marshes are flat, but with little water 
■om the high lands, one sluice with a 2-feet or 30-inch 
n. suffices for some hundreds of acres; but on that 
stern coast there is little rain compared with other 
*sts, and in cases where much rain falls on a flat sur- 
ce, every 100 acres will probably require a, slu\ca w. 
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gutter with a 30-inch run. It will however be mi 
for consideration, whether one or more large slit 
with pointed doors, and with an S or 10 or more: 
run at once, will not be preferable to so many si 
sluices. The expense of these large sluices, and i 
their danger from the sea, is against them; hut 
consideration of their stream being powerful enoi 
to keep open the channel to sea, and the uecessi 
being obviated of incurring the danger of opening 
bank to put down or repair smaller sluices, — that op* 
tion requiring great care in "ripping" one side of: 
bank at a time, — is in their favour. Long daysi 
calm weather should be chosen for placing these sluii 
Some, however, place them at the building of the bl 
Should all this be insufficient to keep down the wai 
over the intake to the depth of 18 or 2i inch 
the surface, machine drainage must be employed, 
this is now so well effected by steam, at an expense 
between Is. and Is. 6d. per acre per annum, exclu 
of first cost of machinery, that in the Fens, to 
naturally to some extent, and to finish by the 
and certain means of steam, is considered . 
to an entire natural drainage with its uncertaintia. 
No objection therefore exists to steam machii 
for draining, but its expense, and that is next 
nothing if the land be fertile, since the mere 
value of produce will be many times its cost. 
such cases it is probable that every horse -now* 
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mid drain at least 150 to 200 acres, every available 
itural drainage being employed, since, on the aver- 
ts of twenty -five steam engines, in the Fens, each 
prse-power drains 123 acres without any natural 
otfall. This steam drainage, wherever requisite, should 
m pud for by the occupiers under an acre tax. 
But the enterprising speculators of the present 
lite proposed embankments where the low water is 

t deep, it being designed to build a bank and 
=0 pump out this depth of water from the inside of the 
bank by means of steam machinery. This is proposed 
tn be done in imitation of what takes place in Holland, 
•fare the Polders, as they are called, consist of vast 
Hit laid dry by artificial means, and the rich diluvial 
Rail highly cultivated. A very extensive instance of 
til kind of enterprise is now proceeding at Haarlem, 
»herc 70,000 acres are in the act of being drained by 
•team-power, for the purpose of cultivating its rich 
diluvial soil. But enterprises of this magnitude arc 
*0t within our present contemplation, nor shall we 
'ttempt to determine whether any differences of 
■Umate or of soil account for such attempts not 
laving hitherto been made in the British Isles, whilst 
hey have been profitably made in Holland. We 
nay, however, with certainty conclude that neither 
English skill, English enterprise, nor English capital, 
tu been deficient. And whether any land can be so 
raluaWe when obtained, especially uniet \\«. ^vesw*. 
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state and prospects of husbandry, as to 
expensive modes of obtaining it, is a qi 
easily solved but by the result of "experii 
the evidence of facts." 

But whatever may be the means by which drain* 
can be effected, it will at least be well to obtain 
much of natural drainage as may conveniently be hi 
not only as the least expensive, but also as the M 
constant and effectual. Sluices, as has been ■ 
before, are the most simple means of this natl 
drainage, and these will run a shorter or longer la 
according to the height of their sill above low-Mi 
level, — to the degree of ebb of tide, — and to the hej| 
of the water standing upon the sill of the sluice. Th 
the sills of some sluices laid down have been 1 
6 to 12 inches above low-water mark, according asl 
tide ebbs out more or less at springs or neaps, *l 
not acted on by winds and otherwise kept up. Tn 
sluices at the period of a good ebb, and having 12 inc 
of water on their sills, will run four hours. T 
would therefore run dry if the tide ebbed 12 inc 
lower, so that it appears that if the sill of a sluiM 
2 feet fall to low water of springs, it will generally 
six hours when the tide is not kept up by winds,— 
when there is much pressure of water on the insid 
will run nearly seven or eight hours. But as the wi 
of an intake should never stand less than 18 im 

low the lowest level of the land, (except wh< 
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at remain,) and as G inches should be allowed for the 
r to stand usually or often in wet times on the sill 
sluice, that sill should not be placed at less than 
eet below the general level of the land where the 
*ik is placed ; and as there ought to be at least 2 feet 
from the sill of the sluice to the low water of 
lings, it follows that the line of bank should at its 
at be at least 4 feet above low-water mark at springs, 
above stated, and it must depend upon the quan- 
y of water to be discharged, what number of sluices 
ould be put down, and the width of their several runs. 
On this subject of drainage, we may add, that it is ab- 
utely necessary to construct catchwater drains for the 
rpose of conveying the external waters to a distinct 
J separate outfall, either into adjacent side streams, or 
•charging by drains and sluices distinct from those of 
e waters of an intake itself; for otherwise the high- 
d waters will so suddenly flood the fiat surface of 
e intake in wet weather, as to render its drainage too 
icult to be accomplished in time for vegetation, and 
30 expensive to answer the purpose. 
Thus a fivefold mode of general drainage may be 
pessary ; namely, a drainage by catchwater, a drain- 
by sluices, and a drainage by steam ; but besides 
Ese it will be necessary to intersect the surface 
the intake with cuts conveying the waters to their 
tfall, these dykes being also that kind of water- 
ce called marsh ditches, and also to cowscj "fiwa 
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waters of all low spots into these cuts, by m< 
surface drains called "grips" which should be t 
more or less thickly over the whole surface ac 
to its flatness, and the drainage of the intake 
then complete. 



THE RECLAMATION OF EMBANKED 
LANDS. 



e various modes by which embanked lands may 

e reclaimed, and brought into a state of cultiva- 

l of course depend on many circumstances, of 

;he nature of the soil will be one of the princi- 

not the chief consideration. We are therefore 

3 contemplate an intake securely and completely 

1, together with sluices of sufficient capacity 

F the water falling or coming from other lands 

surface of the intake, and these sluices having a 

nt run to seaward, to carry off those waters 

) 1 8 inches below the general level of the sur- 

;he intake, in sufficient time to prevent injury 

tation. These are essential conditions, on which 

e work of reclamation can be commenceil with 

e of success, and these conditions being strictly 

may proceed to agricultural operations 

nature of the soil, which may be 

i clayey, sandy, and loamy, each of which 

: somewhat different Vrca.Vmwt \w i 
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the 



respects, though in other matters they may 
in the same manner, or nearly so ; thus, for 
in the first agricultural operation, — viz. that 01 
the soil, which has so lately been supersatui 
salt water, with all its chemical combinatioi 
with so much of its saline and other j 
may be in excess for the purpose of ■ 
or, in other words, to freshen the soil ; 
land plants to thrive upon it: the process v 
same upon all these soils, and this proces* c 
forming a series of surface drains, grips, c 
by which the downfall and other waters i 
carrying with them such portion of the 
other particles as they may have been enabl 
solve, and take up or absorb. 

But such channels and drains are to be i 
not only with the view of freshening the 
also in such manner as to answer the ulterior p 
poses of fences, and of drains timely to tarry 4 
the surface waters. 

The fences of an intake are usually marsh ( 
or dykes, standing wide and deep enough of 1 
or mud to prevent cattle attempting to i 
and an intake seldom admits of any other descri] 
of fence. Such water-fences and drains must, I 
the first place, be drawn all around the intake, i 
from the sluices by which the water is to I 

ing the land side of the sea-bank 
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Jig the edge of the higher lands of the adjoining 
intry. The proper dimensions of such fences are 

feet wide at top, 5 feet wide at bottom, and 
eet deep, the water always standing 3 feet 6 inches 

depth, which will be 18 inches below soil; and 
» surface of the water will be then level with 
B sill of the sluice, or near thereto, — since, as 
: sluices will he in the lowest parts, some water 
11 probably always stand on them, unless the in- 
te be on a dead level, which is not desirable. By 
s same rule, should any inequalities of level exist 

the surface of the intake, the dykes or ditches 
•mi rig the water-fences must be dug accordingly, 
eper than 5 feet and wider than 10 feet, so as to 
Te nearly the same level of bottom, and the same 
pth of water, throughout the level, as the in1 
U now be denominated. Having surrounded 
rel with these fences and drains, the nest operation 
to divide it into marshes of such convenient 

may be judged most judicious; and this size will 

partly governed by the soil, clayey soils parting 
tli their salt most reluctantly, and sandy soils most 
«ily. It will also be more strictly governed by 
c size most convenient for occupation in the par- 
nlar locality, and also by the desire to save 
^tenses ; but in general sandy marshes may be con- 
deraliiy larger than other soils, and there may even 
S *ome advantages in leaving the interutt oil "S&ft 
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level for some time without subdivision, 
will be by no means wise to hasten the proc;n 
freshening by any kind of washing or sudden 
ration, but, on the contrary, to allow a consider 
period of time to elapse before any thought o 
tivation is entertained, and during that peril 
allow the level to remain sodden, only leading 
surface waters away gently into the circular 
already described, so as to prevent anj 
stagnant water ; and it may be very judicious I 
up the nearest of such hollows or " pans," as 
are called, with the stuff out of the circular 
This soddening, or stagnation of the soil in a * 
state, is considerably more applicable to sandy 
and to such of those as have before embankn 
been covered by every tide, than to clayey 
and will be quite unnecessary in such high 1 
or salts as have only been occasionally coverei 
the tide. But the benefits of allowing the st 
remain for a length of time under the infli 
of stagnant fresh water are great, since it al 
time for the decomposition of such animal and 
table matter as the sea may have deposited in 
macerates and dissolves the calcareous, shelly, 
other such matter, and even reduces the silin^ 
matter into a state of subdivision resembling 
and it amalgamates all those heterogeneous 
takes off their crudities, promotes or prepares 
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chemical combination, and reduces them to & 

fit for the purposes of fresh-water vegetation. 

rh effects as these are not likely to happen 

po powerful action of water that might, and 

would, wash away the fertile or fertilizing 

and reduce the soil to a state of infertile 

;er sand, or sharp sand, and prove most injurious 

future fertility of the level; we therefore disap- 

~rove any attempt at suddenly freshening the soil, 

id consider that even the soddening process re- 

Hnmended should be conducted with great care and 

ution, always gradually, but neither allowing the 

atcr to remain too copiously nor too long, nor suf- 

ring it to run off too quickly; for this purpose, 

erefore, cuts or channels should he made from the 

west spots of the level into the circular dyke, so 

at no water should remain absolutely stagnant if 

could be got off, but that at the same time it 

lould only he drawn off gradually: thus, supposing 

whole level could be gripped, or channelled from 

pans to the circular dyke, within the first year 

ter shutting out the sea, and this was done only 

inches deep, these grips should be allowed to 

main at that depth a full summer and winter at 

t, before deepening them another 6 inches, bring- 

them to the ultimate depth of IS inches; gradual 

e»bening and maceration heing essential to future 

Ssrtility, and this requiring a longer time in propi 



tion to the quantity of saline matter, and the 1 
state of that matter, with reference to vegetation, i 
the period of its embankment. 

Thus we have brought the level into this sW 
viz., it has a marsh dyke or water-fence surrottl 
ing it, and very numerous grips throughout its » 
face, leading the waters into the marsh dykes to I 
depth of 18 inciies below the general surface, t 
of course lower where elevation of surface occurs. 1 
forming the principal grips, care should be taken 
they be cut in such places as to fall in with, i 
promote, the ulterior design of laying out the loi 
into conveniently sized marshes; and it will alw 
proper to consider which way the ridges and far 
will lie, in case of these marshes being plougb«% 
and to lay the grips parallel thereto if possible, r 
leering that the nearer the ridges lie to north i 
south the better. 

The depth of the soil, we may now suppose, ! 
been somewhat increased by the soil arising I 
the grips being spread about. By this time 
brackish plants, partly of a maritime, and partly 
fresh-water nature, will have appeared, and parti* 
covered the surface in places: these may be j 
to advantage, and as the surface soil freshens, it n 
be harrowed, and Dutch clover and ray j 
be sown and rolled in, wherever the absence i 
ints may allow of them; first, however, 




>ut a small quantity of seed by way of experiment, 
id increasing this as success may encourage from 
me to time. In a period varying from three to 
iven years, according to the tenacity of the soil, 
id its height above the tide, the level will be fit to 
;ar corn and pulse. If its surface be coarse and 

meven, and its soil tenacious and stubborn, or what 
. called marsh clay, it may be judicious to dig it 
?er and level it at the same time, preserving how- 
re r the grips already dog ; taking in the first 

nstance a crop of coleseed (rape), which might ju- 
iciously constitute the first crop, and may either be 

laved for seed or fed off, and be succeeded in either 
! by oats, then beans, and then wheat; but even 
r the digging of such soils, they will require 

much tillage, so as to thoroughly mix and pulverize 
lem, and the bean crop should be repeatedly well 

loed and weeded. With good treatment, however, 

such soils bear heavy crops of wheat and beans in 

mccession, and when some degree of exhaustion calls 
1 a relaxation of cropping, the course of fallow, 
ts, clover, wheat, beans, will give all the produce 

that can reasonably be expected from any land; 

the crops very commonly grown on good soils of 

this kind being 8 to 10 quarters per acre of oats, 
! to 6 quarters per acre of wheat, and about the 
of beans. This produce, however, must not 

be reckoned on as over the whole surface ploughed 
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and sown with these crops ; for nt least une- 

to one-fifth thereof will consist of "lows, 
and " pans," where the clayey soil will be still II 
crude, too salt, too wet, or too stnbborrj, to b« 
perhaps any crop, or at most but one-fourth of A 
is borne by the best parts. This drawback, togrfu 
with the expenses of cultivating this description i 
land, soon points out that grass, not tillage, is i 
most profitable ultimate destination, and according 
it is found expedient to prepare it for the trne H 
legitimate purpose of an intake, viz. grazing. 
we must not fall into the error that because t! 
the last, it may also be the first, destination of ( 
level, a course of tillage being requisite for a « 
upon all the argillaceous soils, in order to mix * 
incorporate them, and to pulverize the soil, so a 
bring it into a fit state for the production of t 
better kinds of grasses ; otherwise the coarser i 
predominate, and the value of the ground be i 
deteriorated. The necessity of this course of t 
age is demonstrated on a piece of silty 
near Fossdyke, in Lincolnshire, which the late 
Joseph Banks, with his habitual consideration fur t 
public good, ordered to be left untouched, in 
state in which the whole intake was when 
banked, and after a lapse of nearly thirty years t 
maritime salt plants still remain, and the land ] 
.feebly strive to establish themselves. 



RECLAMATION. 

, therefore, as the course of tillage is perfect 
bout being continued to exhaustion, and as the 
illing and surface draining are well performed, so 
I be the productive value of the grazing marsh 
ich succeeds the tillage. Nor are these operations 
Kcient in stiff clayey soils ; such will require to 
re their tenacity subdued or" lessened, their work- 
rendered easier, and their pulverization or ad- 
Xture of parts more effectual, by the application 
chalk rubbish, i.e. soft chalk, to the land, after 
rate of at least ten tumbril cart-loads per acre, 
ich will usually cost about ten shillings per cart, 
lading carriage. This supply of calcareous matter 
also act as a manure, and will not only increase 
quantity of wheat, but also tend much to im- 
rove its quality, to stiffen its straw, so as to 
vent or check its lodging, and the consequent de- 
tention of the grain. In these various ways, an 
use of £5 per acre thus incurred will soon be 
laid, whilst its beneficial effects on the soil will 
; at least twenty years even under a succession of 
pping, but in grass would be permanent. 
The more silicious sods, whether sandy or loamy, 
uire less chalk, if any; and as their texture is 
to be rather too open than too close, lime is 
en much better adapted to them, if any manure 
at all needful, since an intake of soils of this kind 
crally abounds with shelly fragments, enough 
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supply the requisite quantity of calcs 
It may, however, be well worthy of consideration, 
whether a supply of lime would not be advantej 
ous in setting to work that calcareous matter, 
consolidating the texture of the Boil. 

There are several reasons why any course of t 
Age should not continue long upon an intake 1 
one amongst which is, that even under the I 
fortune of a breach of hank but little harm i 
to grass marshes, provided the tidal waters be I 
excluded within a few months, because 
particles, not being in excess, are rather i 
than otherwise; but the chief reason is, 
intake cannot advantageously continue 
Tilth out suitable farm -buildings, which 
great outlay of capital without adequate i 
a more profitable appropriation of the ! 
msde without them ; and besides, if 
fertility of these lands is exhausted by a i 
of corn crops, it will be vain to look for I 
crming rich grass lands afterwards. The 
tillage, therefore, should be limited to i 
of time as may be sufficient, according to t 
of the soil, to bring it into a fit state ; 
grasses to grow to perfection. This, on stiff ci 
may be reckoned as 1, oats, — 2, beans, — 3, ' 
4, beans, — 5, wheat,— C, clean fallow, — 7, ■ 
this crop down with grass seeds, or what j 
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tter, either sow it down on tlie fallow with grass 
seeds, and about half a seeding of coleseed, feeding 
the same in a dry part of October, or otherwise 
noculate it with the roots of sward from some good 
iss marshes in the neighbourhood, — a process in 
lich a machine is used, constructed for the pur- 
se of shaking apart, or otherwise separating, the 
ass roots, and then sowing them on the ground 
■ hand, and rolling them down, by which means a 
©d sward is obtained much sooner than by seeds 
jne, though both should be resorted to. 
But on the good sUty hams of an intake, a different 
ode and duration of cropping may be adopted. Upon 
eh lands, along the coasts of Norfolk and Lincoln- 
hire, the usual course of cropping is 1, beans, — 2, oats, 
I wheat, and they get better wheat after the oats 
than before, the straw being less bulky and less liable 
"go down." But even in the case of such soils, if 
e argillaceous particles are in such abundance as to 
■oduce an unctuous texture or slipperiness under the 
et when rather wet, they may judiciously be sub- 
ected to the rotation prescribed for clays, and treated 
similarly. 

There must, however, be a very great difference of 
treatment with regard to those light, loose, sandy soils, 
of which some spots of the intake level will be found 

Ito consist, when taken from the low slobs of a sandy 
shore which has been covered by every tide. Such 
I 
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loose sands, if blowing when dry, should be fiiedi 
soon as possible by any feedable grass, that can b 
made to grow upon them, until a better sward c*n !■ 
produced. On such loose spots the agrostia meritm 
or teu -side florin has grown luxuriantly, espocUB 
when the tto/ones have been planted in a wet wdi 
bog turf, and that trodden into the sand. The sh« 
from these sets have been extremely vigorous, the ta 
tie have sought and eaten them with avidity, and ti 
treading thus induced has fixed the sand, 
droppings of the cattle, containing the tmJjgestt 
seeds of other grasses, have soon brought up a gal 
sward wherever the drainage was sufficu 
establishment. 

In such cases of loose sand, no tillage need to be,i 
perhaps can judiciously he, contemplated. Such soi 
are already sufficiently open to part with their excea 
saline particles, and are generally sufficiently homog 
neous not to require admixture by stirring, unless it) 
by harrows on the surface, to let in the D 
seeds that may with propriety be sown thereon, wb 
that brought by cattle shall be permanent enough 
show an aptitude in the soil for that plant. These sect 
after being thus sown in moist still weather, should 1 
rolled down, and if the soil has been well drained u 
freshened, it is more than probable that a good grub 
marsh will be established, at less expense, and in te 
i than could be effected by any other mean 
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Lee if the clover thrives, the cattle will he so con- 
mtly on those spots as to enrich them more than 
y others. 

The cultivation of rape for seed has been much 
elied upon with reference to these newly acquired 
ids, as the first crop thereon ; but it should he recol- 
scted that the price of this seed is much reduced by 
ttportation ; that such crops on new grounds generally 
■ome very unequal; that it is a crop very liable to 
njury by frosts on low- grounds; that the climate of 
i country does not admit of any good chance of 
»aving any very large breadth of this crop; that the 
raw is valueless; and that it occupies the ground for 
wo years, although on this latter point there is a 
medy in a species of rape formerly grown on the Lin- 
colnshire Wolds, which ripened the same year as sown. 
*he merits of rape, however, are that it will grow on 
rude and not perfectly prepared land, and costs little 
for seeding, and if the land be clean, is not a bad fore- 
runner of wheat. 

Mustard is another of those crops, which, being 
somewhat more valuable than common corn crops, are 
reckoned on as a means of returning some portion of 
the great outlay incurred upon an intake. The brown 
mustard taints the land worse than any weed, as is 
instanced in Canvey Island, Essex, where it is har- 
vested with the beans, and is sometimes the best crop 
of the two. The white mustard has not the ijto^«v^ 
e 5 




lapse «f tJBM t> | j kfartb amp, or for* 
other of Ac mat craps naaaaVr catenated as estr* « 
aUe «« the rat* saalt of Em or Eea 
Woad aad otawr dj* psaaaa an a 
rea aj r t so mack accoaaaaodatSatt of bmUmp and ■ 
cbsaeryn to be ante msspficable to the generals] 
I— lalmii of an intake. Chicory might do on o 



The benefits of irrigation bare been — »»™ r 
im with reference to some recent intakes which al 
a command of water, and as an ultimate means a 
thing of this land might be applicable to the 1 
portion* or a level. When, however, it is duly c 
Mili-n-d that irrigation is only applicable to cases admit- 1 
ling of complete and quick drainage, and that the] 
gTfcttteit difficulty in almost all intakes is timely to get 
rid (if superfluous water, it will appear that this mode ' 
<if augmenting value can but seldom be relied on to 
iiiiy grant extent ; nor does the farming system of 
marshes, whether In tillage or grazing, at all assimilate 
In iliiil in which water mcadott's arc valuable ausi- 



lii.ri 



Tn sum up this bead of our discourse; the great 
ul (fading points for the guidance of the adventuretj 
i reclaiming bis intake, are the following: 



1. To freshen gradually 



rx 
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2. To drain effectually ; 

3. To cultivate perfectly ; 

4. To crop moderately ; 

5. To look to grazing ultimately; 

6. To lay down to grass carefully; 
m proportion to the perfect accomplishment of 
3 points, will he the value of his land; i.e. it will, 
ie case of neglect or imperfect execution of tliei 
me only coarse pasturage for young stock, woi 
i 1 5a. to 20a. per acre rent j or in the case of tl 
2ct accomplishment, the lands will come, as near as 
i soil will admit, to those grazing lands of intakes 
ussex, which carry a fatting ox of 130 stone (STBs.) 
acre, and were recently worth £3 to £4 rent; or 
lose of Kent, which carry six or eight large sheep 
acre; or even to some more favoured spots in Lh 
shire, which used to fat ten sheep per acre to 40 
quarter, clipping Hits, of wool each; or others 

county, which carry a large ox per acre and sevi 
ip besides ; — all of these instances of vast fertilil 
ng formerly been covered by the tide, and rescued 
efrom by enterprise and industry, 
everting however to the probability of such exten- 
embankments as we are contemplating being 
ertaken by public companies, tlie process of culture 
d not be worth their attention. If therefore it 
lid be thought advisable to put the embanked 
is under a course of tillage, before laying down to 
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permanent grass, it might be done by letting in lots t 
upland farmers who have adequate buildings, of conn 
with proper stipulations as to preservation of conditio! 
&c. ; and thus a realization of profit might be made 
an early period after embanking, draining, &c, the la 
ter of which should by all means be effectuated by t 
proprietors themselves, although the culture and ul 
mate laying down to pasture might be done by thi 
tenants during the period of effecting sales of the ei 
banked lands* 




probable expense of tbese works naturally 
lows a description of them, and although we have 
■eady announced that this part of the subject is beset 
ith difficulties, yet we hope to throw such tight on it 
may enable any embanker to see his way with tole- 
.ble clearness. 

1st, The expense of collecting the materials for an 
ibankment against the sea may be divided into 
several classes of cases, thus : 

(a.) Those of strong, clayey, tenacious soils, such as 
lave been already noticed as occurring on the Essex 
coast, are performed by the floor of 20 feet square and 
foot deep, or 400 cubic feet ; but in particular locat- 
es the floor is 18 feet square, or 324 (or by custom 
20) square feet, and 1 foot deep. 
Generally, in forming or repairing banks with this 
nd of earth, a floor of 400 feet cubic, equal to 15 
ibic yards, can be harrowed at 100 yards distance, 
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and packed upon a bank of about 10 feet in hei 
about "s. 6^- per floor, planks and barrows i 
and this is about sixpence per cubic yard, 
the distance exceeds that mentioned, and I 
increases, a considerable increase of price i 
and this may be calculated after the rate of tl 
per floor for every 10 yards in distance i 
yards, and another threepence for every f 
above 10 feet; so that a bank 20 feet in hei 
the material averaging a distance of 150 i 
require to be reckoned on as costing about 7*. 6 
floor for the first 10 feet in height, and about I 
the next 10 feet in height; or perhaps sixpence 
ninepence per cubic yard, respectively. 

At these prices, the men will be able to earn f 
2s. to 2*. 6d. and up to 3s. per day, 
length of days, weather, time of tides, and thei 
strength and industry. 

When there are rills or channels to 
work must be reckoned at full Is, per c 
to allow for loss of soil, and accidents retart 
work. 

In practice, a hank G feet high and 26 I 
containing CO cubic yards per lineal marsh 
18 feet, cost 25s. per rod forward to build, 
was id. per cubic yard, the soil being 



rsh ditches or dykes cut 



heavy 
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ide at top, 4 feet at bottom, and 5 feet 

usually done at 5s. per marsh rod of 13 

.rd, (this being only throwing out, not 

or packing,) after the rate of about 2d. per 

andy and gravelly materials on the spot 
the bank is to be built, may, perhaps, be 
to cost quite as much to collect into a bank, 
material ; for although sand and gravel are 
nageable soils, and may be collected with 
and horses, and require less care in packing 
n clay, yet a greater loss of such loose material 
11 take place by washing away, and even by the 
tion of the wind upon sandy particles. So that 
ese different soils may be taken as on a par with 
ch oilier, as to the labour requisite in collecting 
em into a bank upon the spot; all other circum- 
mces corresponding. 

(c.) The next class of earth-work constituting the 
st of embankments, is where the soil of the seat 
base of the bank is not deemed safe for the pur* 
>se of forming the bank, either by reason of its 
tnt of cohesiveness, or from the nature of the 
round being such as to render its disturbance 
■oua and imprudent. 
In this case, the expenses of the work will of 
urse be greatly enhanced, not only by reason of 
transport of earthy matter from a distance, but 
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also by reason of having to purchase the mattr 
as well as to transport it, and form the bant. 11* 
are, however, some advantages as a set-off »ga 
the expense in this alternative, such as the m 
ance of the loss of any part of the valuable gr* 
to he embanked: and what is of still more nap 
ance, the avoidance of cutting away the fore A 
or foreland lying outside the bank, and so dtcf 
ing the water immediately outside the bank, i 
consequently increasing the power of the sea a 
it. Still the additional cost will seem at first ten 
and perhaps more so than it really is, when all 
advantages are considered; for besides those 
mentioned, there is the advantage of not losing m 
rial thus collected, in anything like the ratio w 
is inevitable where that on the spot is used,— 
the further advantage in all cases, over sandy n 
rial on the spot, of having ultimately a much i 
safe and substantial bank than any such sandy n 
rial would furnish, and probably a consequent ta 
of bulk or stone-work, equal to the additional 
pense of a better, though a more distant mate 
besides which, something may be reckoned for 
advantage of earth capable of immediately bes 
fresh-water plants, instead of waiting many mo 
before that kind of security can be obtained. 
This matter of expense of earth-work is so 
mt in this case, that we have extracted 
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'Railway Practice,' (1838,) the pith of evideni 
, given by the most eminent Engineers of the 
i Committees of Parliament. 
I appear from these extracts that the cost of 
:h-work depends on the nature of the soil, and 
distance it has to be conveyed, which is called 
! lead." In almost all the instances about to be 
dnced, the earth was moved by means of waggons 
n tram-roads with horses, and the contractors had 
strip the sod and vegetable mo\dd, slope and di 
! banks, and resoil and resod, besides keeping 
t work for two years. 



. Evidence of I. K, Brunei, Esq., C.E. (p. 84.) 
On the Great Western Railway one item of the 
iginal estimate was " Excavations and Embank- 
9,750,000 yards at Is. per cubic yard, 
487,500." 

"To excavate gTavcl, which is a tolerable easy soil, 
. carry it a distance of 3 miles, would be very 
leap at \s. per cubic yard, which is the price paid 
the London and Birmingham." 

2. J. Locke a Esq., C.E. (p. 85.) 

The under-contractors merely excavate for A\d. 
5d. per yard." 

We have let, on the Grand Junction, about 
00,000 yards of cutting for about £160,000, or 
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about 9rf. per yard, — the average lead is urn 
mile; the longest, 1J mile, which is nearly llrf. 
yard. The extent of the lead, and inclinations 
the road, regulate the price." Thirteen pence pc 
yard would be a fair price for 3 miles. 

3. Geo. Stephenson, Esq., C.E. (p. 95.) 
"The price depended on the material we h»T 

had to cut, and varied from 5rf. to 9</., except i 
Chatmoss, where it is soft. The Company foun 
planks, tools, and rails." 

Upon the Newcastle and Carlisle Railway, Gt 
hamsley and Tredgold contracted for the cutting 
Cowran Hill at 5t/. per yard. They let plenty 
it to the -workmen at 2d. or 3d, per cubic yard, b 
a portion was teamed 1\ mile, which cost 9d., T 
3d. per mile leading and teaming, and 3d. for fillif 

4. II. R. Palmer, Esq., C,E. (p. 100.) 

On the Great Western, found the actual lah< 
was performed (in the plastic clay and sand) at 11 
per yard, with a lead of "74 of a mile; the n 
earning 16s. per week. 

5. G. W. Buck, Esq., C.E. 

Measures up and settles for the work. The W 
>rd cutting (in gravel and chalk) cost 



L 
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6|</. per yard m labour, the 
divided thus, 

ng and filling- . . . 5d. peryard. 

Teaming fths of a mile ■ . . 0$ 

Repairing roads . . . • 0i 

Stripping sod and dressing slopes . 0^ 

" The lead" 0J 

Oiling the waggons . . • ®} 

Add for waggons, barrows, planks, 
rails, chains, sleepers, and the like 2 

Making . . . SJ per yard. 
But some extras bring it to 9d. per yard, and 
i embankment with a 3 miles' lead in gravel or 
nd cannot be executed for much less than 1*. per 
■ubic yard;" if in clay, more. 
The whole of the Watford contract was at Is. 2d, 
yard; contractor finding everything, — dressing, 
ripping, earthing, and re-sodding, and keeping in 
pair for one year. 

. Copeland, Contractor, (p. 105.) 
His price for cutting and embanking on the Lei- 

jester and Swannington Railway was 1*. 2d. per 

iird; the average lead about a mile. 
Lets the earth-work in small contracts at about 
[rf. per cubic yard through gravel, chalk, and sand, 



116 



COST OF DANS. 



with a lead of rather better than a mile, 
harrows, planks, sleepers, chains, keys, 
amount to above 2d. per yard more, — matins 
besides wear and tear of machinery, at let 
more. 

7. H. H. Price, Esq., C.E. (p. 108.) 
Found contracts come under Is. per yard, I 
being under 2 miles, 



8. Robert Stephenson, Esq., C. E. (p. 117.) 

"The highest price paid on our line (Londi 
Birmingham) for excavation is Is. 2d,, which i' 
sand, and marl, with a lead of 1^ mile only, 
lead was 3 miles, should make it Is. 5d." 

Mr. Stephenson estimates that when 
labour is done at 9d., the current expenses 
up to full lid. per cubic yard, those expenses 
incurred for contractor's plant, as 
sleepers, &c, and for repairing them and I 
compensation for materials, and roads to coi 
same, timber, sleepers, iron, &c, carriage, 
&c, together with interest of money expi 
the progress of work; and this he states to t 
sive of contingencies, such as slips, &c, 
sodding the surface. 

"' Would add 2d. per mile more if the 1 
rease. The soil is bad, being the i 



m clay mixed with alluvia." He calculates 
George's Hill, if in clay and sand, would 
per cubic yard ; if clay prevails, more ; 
3 miles. Locomotives would perform the 
d. or 2d. per mile; carts and horses, 2d. 
,ted 111 miles at 12: \ millions of cubic yards, 
London and Birmingham line at 14 rf. per cubic 
]. Cowran Hill, on the Newcastle and Carl 
ilway, he put at lOtf. 



C. Vignolles, Esq., C. E. (p. 136.) 

itimated on Brighton line 11,134,042 cubic yards 

earth-work at 9d. per yard, one-third to spoil bank 

r waste) ; average lead, one mile. 

On the North Union Railway, one of the contracts 

for "running into temporary spoil and afterwards 

2»rrying into ballast," 4rf. per yard; for waggoning 

yards, G^d. per yard; for 900 yards, 8$d. per 

ard; for l£ mile, lid. per yard. The average price 

all the excavations, with the slopes and cuttings 

imed, but exclusive of soiling, lQJd. ; for soiling 

i re-soiling, Id. super. The work is in clay, and 

e lead from 1 to 1£ mile. In one of the con- 

ts, where the lead does not exceed half a mile, 

price is 8d. per cubic yard; the contractor gets 

done for 7kd., but he finds waggons, rails, and 

epers. In general the value is 9d. in clay, 8\d. in 

d, for the first mile or under; 3d. more the second 



■lisle 



COST OY HANK 

'. for the third mile ; hut the gei 
add 3d. per yard per mile, after filling I 
iggons. 

10. Colonel George Henderson, Royal Engines 
. 181.) 

Observed the operations about Shapley Hea 
iouthampton Railway,) for two days; took 
of men and horses employed, and found ;, 
tion cost less than 3\d. per cubic yard; tiie 
irning 2s. lOd. per day for filling at Ifrf. per 
d : horses, 4s. lOd. ; teamera, 2s. 6|tf. per day, >t 
■ yard. Some of the cutting was let at id. 
ird. Mr, Pease gave evidence in the House 
«rds last year of earth-work done at Ad. 
»rd; has no doubt it was correct. 



11. J. W. Rastrick, Esq., C. E. (p. 19?.) 
Estimates eartli-work as under: 





Getting. 


rilling. Spre 


Clay . . . . 


ljrf. 


2d. 1 


Chalk . . . 


0} 


n i 


Sand .... 


oi 


2 1 


Stone or Marl . 


2 


2 1 


Bed Sandstone 


6 


21 1 



i 

Besides 3d. per yard teaming first half-n 
per yard every other mile. 
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tods Giles, Esq., C. E. 
iithampton line. 
■et 5,000,000 yards at 6d. per cubic } T ard: says, 
shall carry tbe work through at a fraction above 
at the London end, and less than that price at 
other end, making about 6d. per yard from end 
end. I am not paying above 5d. for excavating, 
ept in one case, which is at Kingston, where I 
1 S\d }) the upper part of this hill being stiff clay, 
the lower part is milder." The Company find 
Jgons, tools, horses, and all other materials, and 
Id. per yard till they are redeemed at prime 
they then belong to the contractor. Considers 
oncl Henderson's calculation very nearly correct, 
say id. per yard. Allows the contractor 5d. per 
d. 

istimatcs all expenses of earth-work at 5kd., clay 

, gravel, and A\d. sand, for 1£ mile lead; half the 

mtity used, the other half moved to spoil banks. 

have let the (Iliver) Mole embankment with an 

erage lead of 3£ miles for 6d." Averaged earth-work 

Great Western 7i^-j an( l Carlisle at Jd. One 

ntractor failed at Grf., but his assignees carried it on 

d paid his debts out of the profits. 

He estimates the cost of earth-work per cubic yard, 

under, for lj mile lead: 
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For pliy an 



Waggons .... 

Horse-draft and boy . 

Men, horses, &c. getting in 
if work . . . 

Getting and filling . . 

Teaming .... 

Trimming banks . . . 

Laving and keeping up roads, oil. 
boy, and drains, on a large scale 
of work .... 



Clav and gravel half moved, 1^ mile, 6 
Sand the other half to be used 

Mean , . 5\ 

Locomotive Id. per cubic yard. 



13. W. C. Mylne, Esq., C.E., &c. (p. 22?.) 

Approves Mr. Giles's prices. Earth-work c 
at Shapley Hill was at Gd., but found the work dffll 
at 3£d. ; fillers earning 3s. and teatners 2s. Gd. per d* 
the lead 830 yards. " Four men can fill and wheel I 
cubic yards of clay a distance of 20 yards per day J 
14*., which allows each 3s. Gd. per day, and avcrv& 
2Jrf., say 3d. per yard, and allow Id. more for M 
idditional 30 yards." A contractor had lOd. fi 



g the Cam, and stopped; another did it for 
d paid the debts with the 4rf. profit. Sandys Cut, 
it Littleport, cost 2d. getting, filling, and wheeling 
.t, — 3d. for heavy silt; the men earned 3s, Gd. per 



Gd., 



is 01 
d, to 

...of 

lgher 



These, however, are the prices for soft-digging earth, 
rice stone, even when not under the conditions of 
wd rock, will cost 2s. 3rf. to 3s. per cuhic yard, to 
»t and convey the same distance. 

Upon a very careful analysis of these estimati 

irth-work, we find the first nine to take a hig' 

round of calculation than the other four, the latter 

ing somewhat in opposition to the former. The 

lole give the following results ; viz., of the first 

ridences, there are 

10 estimates including implements, that is, waggons, 

rails, &c, &c, ; average lead 2^ miles at lid, per 

cubic yard, and 

14 estimates are, without implements, at lOtf. per 

cubic yard for a lead of 1^ mile: adding the 

additional mile lead and the implements would 

bring these to about the eame, — lid. per cuhic 

yard. 

The other four estimates authorize a statement of 

instances giving an average lead of 2 miles, and a 

e of only 7id. per cuhic yard. The average of 

two sets of evidence would he about \\d. per cubic 

miles lead. Several of the engineers also 
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agree that 3d. the 6rst mile (some say, half-mile), 
3(/. per mile afterwards, is the fair calculation, mi 
this would bring it to 9d. per yard for 2\ miles, whic 
is about the distance the materials will have to I 
carried for an intake of 1000 acres, — namely, nearly 
mile from the shore on each side, and about the satr 
to the gap left for shutting up. This, however, \s H 
full, not the average distance, and as this lower sl-j 
of prices above-mentioned is the result of practice, it 
should be justified in taking 9d. per cubic yard u 
satisfaction of all these considerations ; but ^ 
however, under all the circumstances, and considering 
that some allowance is to he made for tide-work a 
night-work, for bad weather on the coast, low ( 
materials, and for a much smaller scale of work th 
railways, feel quite on the safe side in charging I 
sea-hank with Is. per cubic yard for all the | 
brought from a distance. 

Taking the foregoing particulars as data for t 
earth-work of the bank proposed in the diagram a, I 
taking that bank to have a sectional area of GO cul 
yards per yard linear of the bank, and supposing tint 
a portion of this bank, say one-third, is raised upC 
the spot at 6d. per cubic yard, and the rest has to 
brought from a distance at Is., an average of lOrf. 
given ; but still for safety adhering to 1 s. for the win 
we have a sum of £5280 per mile, viz. £l per f 
linear. 
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But the bank of the diagram a is one of the very 

argest dimensions which is likely to occur, not only 
■oughout the whole Hue of an intake, but to occur 
all, since it pre-supposcs the tide to rise to the 
leight of 14 feet at ordinary springs, viz., 4 feet up to 
id 10 feet ore the bank, and occasionally to 19 feet, 
;cjusive of the swash. 

A more probable height of extreme tide in moat 

ses would be 16 feet; and then the main bank 

iuld be S feet high, and the outburst bank 4 feet 

with a swash bank of 2 feet more. Such a 

ink would contain about 40 cubic yards per yard 

nealj and the cost per mile would be about £3520. 

But upon a considerable portion of every intake, 

id probably on the greater number of intakes, 

ncrally the tide will not flow more than 10 feet 

I ordinary springs, in which case the main bank 

will not be more than G feet in height, and the 

utburst and swash banks 4 feet more. In such 

the bank will contain but about 20 cubic 

yards of material to every yard lineal, and will cost 

raly about ill/GO per mile, or even less, since the 

luce and height being diminished, the cost of 

collecting the material is lessened. 

In like manner, as the ground rises, or the bank 

Fins the uplands, its dimensions will decrease, and 
f cost come down to, say, £1000 per mile. 
Every line of embankment may fairly be s 
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to contain a certain proportion of eacli of I 
heights of bank; thus, in crossing channels, | 
largest bank may be required to a certain < 
say, one-eighth of the whole distance. The s 
class of bank may prevail over the general l 
the line, but ridges and banks will probably c 
some portion of it, and these may respectively bt I 
taken at one-half and one-quarter of the distal 
whilst the approaches to the shore, being over t 
high skirts and fringes, can hardly occupy less ti 
one- eighth of the line. We shall take thei; 
portions as below, namely; 



*w_ 



£ bank, being 17j feet high, at 
■J bank, being 14 feet high, at 
i bank, being 10 feet high, at 
% height of bank, being much lrc 



£5280 pern 
. 3520 



We may thus take the average cost per i 
sake of even numbers, at about £ 3000 for t 
work only, or bulk of the bank, incl 
gravel at sea foot. 

2nd. The expense of the facing of the bai 
next under consideration, and tbis must c 
the distance which the stone for that pui 
to be brought, and the price at which it 1 
bought. 

, cases where pitching has been i 
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and that 18 inches deep, the cost of it has 

valued by eminent persons at 2s. per square 

rd, the stone having to be brought some miles ; 

was mica shite, arid being set edgeways, had 

tegrated and become 6rra by the interstices 

g np. And on most occasions two shillings per 

re yard is more than abundant for the cost of 

Sue-facing a sea-bank. In cases where the stone 

within reach of the tram-roads, the rationale will 

thus: 

A cubic yard of stone may generally be won, and 

med between 1 and 2 miles, for Is. 6d. to 2s. 

cubic yard. Two men will place about 6 square 

ds of this materia), from 15 to 18 inches deep, 

a day, and their wages will be, say 4s. The 

ount therefore will stand thus; 

Stone, laid 15 to 18 inches deep, say 3 

cubic yards, at Is. 9d. per yard . 5 
Labour to (i square yards . . .4 



per square yard 

. the full 18 inches in depth will not be re- 
and in many instances stone will be got 
i the bank at a lower rate per cubic yaid, we 
»y safely take it at 2s. per square yard ; so that 
[ the quantity shown in the diagram i 
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superficial, fur every yard linear, the cost will 
2s. per yard £1232 per mile, or less, for the 
class of bank. If therefore we say £1250, £1000, 
and £ 750 for these classes, or £ 1000 per mile 
the average of cases and the medium class of ha 
we shall he far within the safe 
which in all these cases is desirable. 

These are the chief features of cost in the en 
struction of sea-banks, and although there are otl; 
incidental costs which will inevitably swell the to 
amount, yet having already accounted strictly for t 
cost of these two principal features, the work mi 
on the large scale, usually be done so much benei 
these estimates as to cover all the incidental ( 
penses attending it. Still there will be but a 
degree of prudence in allowing a per-centage on 
whole for unforeseen contingent expenses; and 
such a case as sea-banking, 10 per cent, will amply 
cover every expense not already mentioned, for put 
ting it into a condition to sustain itself against 
fiercest attacks of the ocean. 

It must however be remarked that this estir. 
contemplates embanking on a large scale and in 
posed situations, whilst there are other cases 
embanking may be highly desirable, although 
ground to be gained may be of more limited breadt 
and extent. In all such cases, as well as those 
■ger extent, the quantity of materials and labour, 
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nd consequently the amount of expense, will be in 
roportion to the depth of water and the degree of 
xposure, together with the eligibility of the ma- 
;rials on the spot. It is, however, highly probable 
lat in proportion to the near approach of any em- 
uikment to the land, or, what is often the same 
ling-, its absence from great exposure, so will the 
ost of embankment be diminished as its bulk and 
xpense of stone facing diminishes, as well as the 
mtingent expenses thereof. In which case it is 
obable that the acreable expense of the embank- 
ent may remain the same as when on a larger 
lie: and in most of such minor cases of those 
nges being embanked, there is a vicinity of ma- 
erials and other local adi-antagcs, which would render 
shilling per cubic yard a safe estimate of the 
irobable expense of any such bank, including its 
one facing. 

3rd. The cost of drainage will vary much accord- 
» to the peculiar circumstances of the case; but 
e process of making catchwater drains to intercept 
le high-land waters, — of forming the circular drain or 
elph leading to the sluices, — of laying down the 
uices themselves, — and of cutting the necessary cir- 
lar or exterior main drains to convey the waters 
om the surface, cannot be estimated in favourable 
es at less than the following detail, as applied to 
intake of 1000 acres, viz. 
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4 sluices, of 3 feet ran each, £150 each, say £ 600 
Steam-power, say • . . .500 

600 rods of catch water drains, at 5*. . . 150 
3J miles of circular drain and fence, at 4s. 

per rod 250 

Gripping at l\d. or 2c?. per rod, say . . 500 



Total on 1000 acres . 



£2000 



4th. Thus making the whole cost of recoverin 
the lands from the sea as under, viz. 

Cost of 3£ miles of bank . . . £ 15,750 
Cost of drainage ..... 2,000 
Add contingencies, cost of management, 



&c, say 



. 2,250 



Making . £ 20,000 
as the price of 1000 acres ready for culture. 
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s benefits and 

; from the 
be sea, will evidently 
rations, to be 

hicb will be the 
! embankment, and of the st: 
! Und, combined with the b* 
.itself. 

In our inquiries into sod) returns, the fint <jp« 
i, what would be the probable Tata* of the W4 
inked, if drained in the ■"-""t*' al read y stated ': To 
i it may be replied, that the soil of as intake a* 
usually of so fertile a nature, so fresh, and so 
bearing valuable crops of corn 
nure, tbat in any kind of con 1 

never been any difficulty in realizing from £30 to 
per acre, at the moment of the embankment nod g 
ral drainage being completed ; and we shall quote here- 
after, amongst examples of embankments, 
of part of an intake readily fetching £40 
r5 
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the moment of the sea being shut out, viz. No. 1 of tb 
examples quoted in section IX. 

The full difference of this cost and this value will 1. 
enjoyed in cases where the embankment is made by th 
parties whose lands adjoin the shores, and in whom» 

I the adjoining frontage to seaward. WheHl 
one such frontager has the opportunity to make an e 
hanltment, or when an intake can be made by tin 1 jew 
efforts and co-operation of two or more such partja, 
the advantages to them are considerably greater till 
to any stranger, inasmuch as such lands, when m 
reclaimed subsequently to embankment, become ver 
useful auxiliaries to the uphmds of the same estates, k 
often enabling a farmer to put his stock into thchM 
condition for market, instead of being under the n 
sity of selling them to a great disadvantage, from \i 
unable to forward them to the profitable pen., 
of fatness or of age and growth. This is a matter of sn 
much importance to a farmer, that in the Wealdea, 
marshes are hired by them for this purpose, at 20 to SJ 
miles distance, i. e. in cither Ilomney or Pevensej 
Levels. When therefore such marshes cai 
plied in the same parish, or perhaps adjoining the sami 
farm, the convenience is such as to add to the value Cli 
the whole estate, over and above the intrinsic value <A 
the marshes themselves, which are gained from the sea 
Hence, an adjoining proprietor can afford tu gain thfj] 
ihes at a greater expense per acre than the s 
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ation of a stranger would render prudent, and the 
more especially as he escapes all those parliamentary 
expenses, head rents, and other drawbacks to which 
! stranger is subject. It may, therefore, be extremely 
II worth while for an adjoining proprietor to make 
intake of Ilia sea frontage, under circumstances of a 
much less favourable nature than a mere speculator; 
thus he could prudently embank a lesser breadth of 
ore than the speculator would find worth his atten- 
>n, and he could affurd to incur a greater expense per 
re than the speculator could prudently venture. In 
neral, however, it is only the frontage pasturable 
that have been thus embanked by proprietors, 
it is to be lamented that in many, if not most 
I it has been deemed a sufficient exertion of enter- 
to shut out the sea, whilst the subsequent reda- 
ction has been either entirely neglected, or performed 
ilovenly a manner, that the marshes thus gained 
1 present a rough uneven surface, a large portion of 
ich is occupied with those "lows," "pans," or 
hollows," which bear but a scanty herbage of the 
iarse aquatic grasses, of so little value, that 15*. to 
i. per acre, tithe-free, has been the rental even when 
soil and other circumstances might have commanded 
uble that amount, with greater advantages to the 
occupier, if those foregoing detailed processes of reda- 
ction had been duly attended to. In the latter case, 
BMfshds in Lincolnshire are recorded by Arthur Young 
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as carrying a large ox and several sheep per sere. 
Around Wisbeach 18 acres of grass marsh for ninny 
years fatted off 200 of the old large Lincoln sheep to 
40tbs. a quarter, each clipping Hfts. of long wool 
In Pcvensey Level, in Sussex, an acre commonly fat* 
off an ox of 120 to 130 stone (8 fts.), and carries tern 
ral store sheep besides ; and in Romney Marsh, sis to 
eight large sheep per acre are a common stock. 

The processes of reclaiming which more immediately 
appertain to the proprietor, as distinct from farming 
operations, are, 1. cutting the interior marsh dykes to 
divide the intake into convenient marshes; 2. placing 
gates and side-rails to those marshes; and 3. making 
the requisite occupation roads, — and these he can 
bably agree with a tenant to get done under a b; 
of reasonable allowances. 

These results are, however, subject to all iho* 
drawbacks to which speculators must be liable, i 
order to gain a footing on any shore, viz. the e: 
of Acts of Parliament — the shares of proprietors of > 
joining lands— and the rents reserved upon the Ian 
embanked. These will lead, under another head 
this discourse, to the consideration of those expens 
impediments, "lets and hindrances," which do or it 
occur to speculators upon an intake, with the f 
means of meeting them. 



THE OBSTACLES TU EMBANKING LANDS 
FROM THE SEA. 

]»e preliminary costs and impediments which 

i in the embankment of lands from the sea 

i most usually to encounter, previously to their 

; enabled to commence their operations, or to reap 

■uita of them, have in their general nature and 

tint been already touched upon, and may now be 

ioned somewhat more in detail, under the follow- 

•ads; viz. 

P/irHumeiitari/ expenses. — In almost all cases 
! the embankment of a large space or extent of 
■ontage is contemplated, several frontagers, or ad- 
* proprietors, will have to concur in the measure. 
mdeavour to bring about the unanimous concur- 
b of many persons to any one common measure is 
Idem attended with success, as to be almost hope- 
— and its success, if ever happening, may be consi- 
dered rather a piece of good luck, than the result of 
management, the reward of address, or even the natu- 
ral effects of a fair view of his own interests, taken by 
i individual concerned. Besides, it rarety happei 
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that all the parties whose concurrence 
in a position to give such consents as may 
binding on their successors, so that it becomes, in 
many cases, absolutely necessary to resort to legisld 
sanction, that prudent persons will lose no time 
applying to Parliament, as soon as they have 
sufficient consents, in number, of the parties concerw 
and a sufficient proportion in value, to enable a Pari 
mentary Committee to entertain the Bill; and a Co 
mittee of the House of Commons is now sowello 
stitutcd as to afford one of the most patient and 
partial tribunals that can be desired, for the 
of deciding between projectors on the one hand, & 
objectors on the other. We have witnessed this I 
on several late occasions, including one, on which 
teen gentlemen gave, for thirty-three days, the m 
unremitting attention to a project for the better (In 
age of about 140,000 acres of lowlands, v. 
was promoted on one side by a host of cngitu 
and other witnesses, and opposed on the other aid* 
an equal host of engineers and other witnesses. I 
this is mentioned, though somewhat irrelevant to tl* 
case before us, in order to reconcile every party te 
tribunal which, in such caxeti, appears to 
good as human institutions admit. Such a Commit! 
may be taken, as in general, favourably biassed 
the party who proposes to employ capital in any gttlt 
1 important improvement on the face of the 



PARLIAMENT. 



y hear and weigh every objection that can be 
e to the proposed measures, and are careful to 

lire the ways and means of carrying those ineasun 
effect, and also to impose upon the adventurers 

*onable conditions for satisfying the interest 

ies, who may be affected by those measures, 
s being the case, the general regulations which 
)ind all parties concerned in a legal point of vie 
not be better arranged than by an Act of Pai 

tit, which is generally first drawn and concocted 
te and right-minded men acquainted with legislative 
uage, forms, and usages, and subsequently delibe- 

ed upon, clause by clause, as soon as the Committei 
loth Houses are satisfied that the allegations 

jessity or benefit to the promoters arc proved 
r satisfaction, under the name of tht Preamtti 
Bill. 
he provisions of such a Bill will have for 

ect, on the one hand, to secure the public^ 
tagers, and all other parties, in a continuance 
ytuent of all their property rights, privileges, 
conveniences, or a compensation for the loss of 

m. And, on the other hand, to secure to 
ertakers the fullest means of carrying their pi 
into effect, and the fullest enjoyment of it wl 

cted. 

ut all these advantages cannot be obtained without 
tie expense, which will fall upon the adven- 
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turers, — and this will be greater or less, in pruportion 
Hie degree of opposition that is made to the mea 

in its progress through Parliament. It beh 
fore, the promoters of such a Bill to disarm 
as much as possible, before the Bill comes into Pxrli 
rnent, by every fair and reasonable concession to, A 
compliance with, the wishes of interested parties; a 
this is good policy on another ground, viz. that of la 
ening the chance of defeat, by predisposing the Part 
men tar y Committee in their favour. But even att 
best a contested Bill must be a matter of some M 
which might be avoided or lessened by previous 8 
sents. 

[6.) One-tenth of the land embanked has been m 
tioned as the probable expectation of the frontager, 
consequence of that proportion having been given 
some considerable cases of this kind, and this 
above such pasturable verges or grassy fringes asliw* 
already been subject to acts of ownership and occop* 
tion on the part of the frontager; and these res 
sometimes form so great a drawback upon the probata 
profits and advantages of the speculation, 
from the attempt all except such enthusiastic person 
as view the prospect of advantages through so r 
fying a medium, as to exhibit prospects of a goldd 
harvest after many and great diminutions. 

But one-tenth is, really and truly, a larger deduct k 
than almost ; 
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naming to the adventurers a sufficient chance of 
equate remuneration for their enterprise. 
Still, the frontager must be compensated, since he 
ms several conveniences and "easements," as the 
ir has it, of some value; such as the feedage of the 
■turable verges or "skirts," which to him arc in the 
Mare of a "shift" for his sheep, young cattle, and 
orses : he loses also something from having the sea 
irther removed from his upland, and if he gets manure 
fen the shore, the enihankment will be some bal- 
ance, and he loses the opportunity of making the 
Be speculation as the adventurers. There are some 
■es analogous to that of these frontagers, viz, that of 
* Lord of a manor when the waste or common of 
ie manor is about to be enclosed, of which he usually 
i from one-twelfth to one-sixteenth, in respect of 
manorial rights, — viz. his absolute right to the soil 
nd a portion of the herbage, and his right, by custom, 
granting portions of the soil to copyhold tenants, 
ibject to small quit-rents, and a fine on death or 
jenation, which often goes to the extent of two years' 
value on death of the copyhold tenant, and a year and 
half's value on his alienation. 

The Lord has also a right to all the timber growing on 
e waste, and a legal right to all the timber growing 
a the copyholders' lands, but this latter is generally 
imuted by custom to one-third of the timber. This 
& the position of the Lord of a manor, and in case of 
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a enclosure, he ia in the enjoyment of actual p 
to a greater amount than any frontager to seawffl 
where slobs or mud-banks have been covered by e» 
tide. Tiie actual share of waste lands all 
Lord in such casus is seldom more than t 
hut is sometimes a twelfth, and in some cases vaj I 
only one-twentieth. 

Then, again, in the cases of mines or quarries,* 
royalty, seignorage, or groundage varies ace 
circumstances, from one-eighth to one-twelfl 
teeiith, or one twenty-fourth; and it may indeed 
stated generally, that where valuable but dormant ■ 
perty belongs to one party who is either unable 
unwilling to encounter the expense and risk of n 
ing it available, the possessor of that property usu»l 
receives, from any other party who is able and « 
to work it, a share of the proceeds, of which oue-eigh4 
to one-twelfth seems to he the maximum, and one-: 
teenth to one twenty-fourth the minimum, fluctuate 
according to circumstances between those proportiu 
and affording a fair medium, say onc-jifleenlhy 
fair share of an intake to be rendered to the fronts | 
in lieu of his present rights in and over such slobs, 
as have been covered by every tide. And the front* 
ought to reflect, that although the embanked mare 
may belong to others, their existence in the vicinity 
his upland farms will enable his tenants 

) the great advantage of his property, as bef 



) hire then 
before e* 
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reference to the occupation of marshes 
(I to uplands, and of marshes hired by uplani 
i, though at great distances. 
3 the pasturable fringes, it would he very disad- 
:ous for any adventurer to lose them, since the 
Isadvantage of the kind of property created by 
lankment is the uniformity of its nature and the 
; of that change of soil, of aspect, of herbage, of 
id of all local circumstances, which is found so 
ial to all kinds of stock, and so requisite to the 
ful operations of farming in all its branches, 
lange is expressed amongst farmers by the word 
" a term denoting the power of change, which is 
:d important as applied to pasturage,— thus, for 
e, cows after feeding all the summer on the 
grounds, culled leasows or leazes in the tJairj 
s, are brought with peculiar advantage in 
i to the rowens or after-grass of the low 
fs which have been mown for hay. 
the only alleviation of this disadvantage of an 
is to be found in the higher levels of land] 
constitute these fringes, or pasturable verges 
he highland edge, which on the eastern coasts 
land are called salts or saltings; but on soma 
s of this coast, and more generally on others, 
erges consist of shingly or sandy dui 
which are very seldom covered by the tide even 
ursts, and such spots not only afford the ■ 



approximation to what is called a ship, but they i 
Mfbrd the only safe and secure, as well a 
place of habitation, and for the folding of rattle f 
shelter. 

These verges, therefore, ought by all means to for 
part of the intake, and cannot without great loss fa 
the adventurers be dispensed with. So that the I 
or Act of Drainage and Embankment ought to include 
the frontager's verges up to the present sea-defena 
if he lias any, and if not, up to the liigli-wat 

It ought, however, to be recollected that the fro 
tager will be relieved from all future c\\? 
defences, and of all the damages which the sea a 
possihly occasion to his property, and on that consul 
ation he should in fairness class his verdant fronts: 
with the other lands to be embanked. 

(c.) It may not, however, be so convenient to 
frontager to have an allotment of one-6ftcenth of . 
land to be embanked from the sea, as to have a r 
rent reserved on the whole of the land gained in 
of such allotment, and it then becomes a question irlltt 
this rent ought to be per acre. Now, assuming < 
fifteenth to be the fair proportion of land to be render© 
the value of that land, when embanked, and before any t 
the operations of drainage or reclamation have cc 
menced, is the problem to be solved ; and taking 1 
on the average at £35 per acre, it gives £2. 6s. i 



as the fifteenth, say Is. Gd, per acre per annum, 
all the land to be embanked, which really appears 
ie a fair remuneration of the rights of the frontager, 
as high a chief rent as the adventurer can well 
:d or the frontager ought to expect, seeing that 
iy other advantages will accrue to him from the 
lankment and drainage about to be accomplished. 
I.) The parliamentary costs of such speculations 
are under consideration have already been adverted 
— hut besides these, the professional and personal 
2ns es attending the various treaties and agr ce- 
lts with individuals and corporate parties interested, 
le levels, sections, plans, and reports, that would be 
lisitc from engineers, — the journeys, — the employ- 
«nt of many agents, and all the various contingent 
tenses that will inevitably occur, must amount in 
aggregate to a considerable sum : but as larger 
intities would be the most likely to become the 
tject of Acts of Parliament, this head of expense 
acre would be lessened as the quantity increased. 
e.) We must next consider the expense of works 
exactly appertaining to the embankment, drainage, 
reclaiming, and though not entirely without use 
those purposes, yet chiefly rendered necessary for 
adjoining proprietors; — viz. roads 
for the continuance of the communication 
ch they have heretofore enjoyed,— drains required 
Carry off" waters from their uplands, —and the coi 
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tinuance of those sea-easements, such as the 
of creeks and rivers, and the like, to which they us 
have been accustomed, so far as may be compifl 
with the grand objects of the embankment. & 
works as these cannot fail to incur a considtfl 
expense, especially if the intake be on a Isirgo « 
mid, like the preceding head of cost, these expci 
will be more or less per acre, according to 
number of acres embanked. 

{/.) Thus in estimating the probable benefit) 
livable from an intake on one hand, and " court 
its cost" on the other hand, we may prubahly 
the following statement as the result of good mm 
ment in such cases, attended by such a share of 
fortune as might reasonably be expected, viz. 

Value of 1000 acres embanked and drained £ 40,00 
Cost of embanking and draining £20,000 

of Is. 6d. per acre for y'jth 1,500 

of occupation roads, gates, 

&c.&c 1,500 

of Parliamentary, Profes- 
sional, &c. - . . 1,000 

of extra works, &c. . . 1,000 



At £ 40 per acre, profit , 
At £ 35 per acre, profit . 
At £ 30 per acre, profit . 




;, however, to loss of interest of money din 
leriod of commencement to that of sate, &c. 

the* difficulties thus enumerated, which the 

dilator has to encounter in undertakings of this 

I, are but the pecuniary ones. There are others 

■till more formidable nature. 

.) The speculator who canvasses for consents 1 

i a project must expect and be ready to encounte 

most extravagant demands on the part of t 

tagers, who will naturally consider that the ad- 

turers are about to get rich at their expense or 

leir means, and that they ought to have a great 

re of the golden harvest about to be reaped. 

beat way of meeting such demands is to be pre- 

Ired with some definite propositions, which, whilst 

y and reasonably weighing the existing interests, 

1 offer the best terms for compensating those 

that the nature of the case will enable ! 

peculators to afford. This offer being first 1 

addered, and then made in writing to each fro 

t in a bond fide spirit, as the best terms that are 

be expected of the adventurers, would be con- 

ered by most of the reasonable frontagers as 

eptable, and they would influence others to accept 

, seeing that no better terms could be obtained, 

that whatever benefits might accrue to them from 

would be lost without that acceptance 
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being made whilst the speculation was rife, 
parties inclined to adventure their capital. 

(b.) Such an offer would hest be made through 4 
medium of a draft of the Bill proposed to he bra 
into Parliament for effectuating the intention t 
parties, showing at once in a clear and candid n 
the terms proposed, as affecting all the parties in- 
terested ; and appended to such a draft a UthograpbeJ 
map or plan of the ground proposed to be embanl 
— of the line of embankment, — a section of the b 
intended, and a plan of all the adjacent rivers j 
streams and other features of the country,— the n 
intended to be carried out, and the drainage to 
made or continued, together with an engineer's repar 
specifying the data on which the proposed wotIes 
founded, particularly the rise of the highest tides t 
of the greatest outbursts. It is indeed matter 
regret that engineers of late years have dropped th* 
very satisfactory mode, which was adopted by S 
of giving the chief local data on which their plans ■ 
founded. 

It is true that many if not most persons 1 
deem it matter of policy to raise high, but 1 
and indefinite expectations at first, and to clothe t 
whole matter with a mysterious cloud, under I 
they might expect to obtain advantageous t 
and to prevent the true interests of other part 
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oppo Such an open and candid mode of pro- 

ceeding in tiie first instance would be most advan- 
tageous to the cause of the promoters, and this mode 
would dispose the frontagers and others to give better 
terms, to accept lower compensations, and be content 
with less expensive accommodations, and finally to 
become well-wishers to, instead of opposers of, the 



work. This cane 
portant effect before 
create a presti| 
which they wou 



also have a very im- 
tee of Parliament, and 
our of the promoter*, 
r infinite advantage. 




VIII. OF THE PARTIES TO AN EMBANKMENT; 
THEIR RIGHTS AND DUTIES. 

Such a mode of proceeding as we have thus pro- 
posed presupposes the existence of very clear and well- 
defined notions on the part of the promoters of what 
arc the actual rights of all the parties concerned, and 
how they ought to be provided for; a species of know- 
ledge neither very general nor easily acquired amidst 
the warmth and zeal attending projects, and therefore 
some investigation of it in this place may be useful. 

1st, The rights of the public are involved in all such 
projects by reason of the propriety and necessity of 
Continuing to them the conveniences and accom- 
modations which they have hitherto enjoyed; viz. of 
roads to the sea-side, navigation of the sea and of the 
rivers, and that general species of drainage which such 
rivers, together with the smaller brooks and streams, 
may have hitherto afforded. 

With these views, therefore, all public roads should 
be continued across the embanked lands to the sea ; — 
and this according to certain dimensions and certain 
rules as to quantity and disposition of materials, and 
onder certain arrangements for drainage and for future 
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maintenance, — all of which should he clearly exj 
in specifications, either referred to by the Act or an- 
nexed by way of Schedule thereto; and the lines of 
such roads should be laid down on the parliamentary 
plans, the detail of execution being left to be deter- 
mined by Commissioners named in the Act, after the 
manner of Inclosure Acts, or by some public officer 
to be named in the Act. 

As to rivers also, the avoidance of any obstructioni 
to their discharge into the sea should be secured bf 
their embankment on each side across the slobs or 
shores to be gained, and the lines of these banb 
should be laid down on the parliamentary plan with i£ 
ample degree of divergence, so that the river 'V 
may have a due space for their outfall and escape K> 
seaward. The height and dimensions of these hankt 
should also be specified and fixed by the Act, so as to 
secure their being made of such elevation and strength, 
that neither the tide itself, nor tide and floods together, 
may be able to overtop or break them ; and yet tl 
the land-flood waters may not be impeded so as hi 
drown the lands situated above, the intake. The* 
points as to rivers ought not to be left to the project- 
ors, who might not be aware of the quantity or force o 
waters coming down a river, or of the liability of tint 
river to flood the grounds near its mouth, or of the 
lowness of such grounds upon some part of the coorw 
river. It would therefore be very < 
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.t some engineer should certify on the part of the 
mblic, as well as on the part of the proprietors of 
mds adjoining such river, that the proposed river- 
anks will be good and sufficient for all these pur- 
id hence, amongst other reasons, the necessity 
f the engineers original report specifying the height 
f tides, and other particulars or data, as mentioned 
a & preceding page. 

And these points being secured as to rivers, that of 
he navigation of those rivers should also be protected. 
t is sometimes of great consequence to a tract of 
ountry that either the actual power of navigating to a 
ertain point up the river, or at least the capability of 
endering the river navigable to such point, should be 
ireserved; but this is in great danger of injury or 
nnihilation when embanked, by reason of the accumu- 
ation of detritus brought by the stream down from the 
ipper country. Any alteration of the stream, therefore, 
tecomes of great importance in a river where such 
ietritus is abundant; and the width at which the 
lanks should be set, their direction, and the degree of 
heir divergence, are matters of equal importance; 
ince the natural bias of the projectors will be to place 
he river-banks as close as possible, in order to avoid 
imintshing the area of the intake, whilst the danger of 
heir being too close is, not only want of sufficient 
pace for tide and flood, but such an accumulation of do- 
Itus as to have an insufficient depth for tide and fl 
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and totally to destroy navigation. To obviate 
difficulties it may be requisite to deal with these riven 
far above the bounds of the intake, and to deepen, 
widen, and embank them, so as to secure them against 
every mischief to which they may be liable, in conse- 
quence of the works of the intake; — but this ongkt 
certainly to be done by, or at tbe expense of, the pro- 
jectors or promoters of the scheme, therefore it might 
best suit all parties, if such matters as these were left 
to be finally determined in detail by Commissioner! 
named in the Act, although some general outline) 
ought to be laid down by the Act itself, founded on i 
previous examination of tbe case in respect of all the 
rivers interfered with ; and should any works done by 
the projectors, extra those necessary for the embank- 
ment, be greatly beneficial to the public and place 
them in a better position than before, tbe district 
improved by such advantages of roads, navigation, 
drainage, &c. should by assessment pay the value of 
such improvements, — the assessment to be imposed hj 
some competent persons in manner to be described ii 
the Act. 

In matters of drainage also, the pubbc may be much 
injured by the projected embankment; care therefore 
ought to be taken to secure the complete drainage of 
the lands embanked, so as to prevent malaria, or any 
unhealtliful effects of stagnant waters, as well as to 
nt any stoppage of such drains as have 
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tied the upland waters to sea ; as, without such pre- 
itions, public roads may he inundated, and public 
dges may be injured ; but, on the other hand, waters 
iy be lowered, roads improved, and bridges rendered 
necessary, in which case the county or district pub- 
ly benefited should render some adequate and equi- 
ble compensation in manner before mentioned. 
In the case also of navigation seaward, the public 
ill necessarily be driven to a greater distance from 
le usual landing-place on the shore, and this disad- 
intege should be compensated by commodious Und- 
isplaces being provided, conveniently situated with 
sspect to the roads that are to cross the intake, — and 
I case of quays or wharfs built by the projectors, they 
Maid be allowed to charge tonnage or other dues 
iiiiiort by the Act. 

The public also ought to have reserved to them the 
ostomary power of collecting such substances as the 
sea affords on many parts of the coast, such as shingle, 
sand, boulders, sea-weed, shells for manure, sea-mud, 
&C, &c. : as the unlimited exercise of those powers 
as hitherto enjoyed might be Injurious to the embank- 
ment, it ought to be limited within a certain distance of 
the foot of the bank ; but as the public will still be suf- 
ferers from the greater distance which these substances 
will be removed from the land, they ought to be com- 
pensated by some common, pubhc, free landing-place 
for such substances being provided < 
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n&rigablc rivers, at some place at least as convei 

with respect to distance from the sea as the 

■bore; and in consideration of the probability 

(jii iniity nf several of these substances being 

by |oeh embankment, these landing-places o 

•ituatcd as high up the country as the 

easily made navigable for the craft usually employed. 

Hut a question naturally arises out of these observa- 
tions, as to the means by which, and the parties by 
whom, these public concerns are to be secured : since it 
is rain to expect much anxiety with respect to the* 
points to be evinced by either of the other parties 
cerned, viz. the proprietors or the promoters, — the 
being only intent on the best terms they can obtain, 
and the other on the hazard and profit of their 
prise. It is therefore only in the Committees of the 
two Houses of Parliament, that any security can be 
looked for to the public interests in these cases, and If 
such adventures should become as frequent as the 
redundancy of capital and the enterprising spirit of the 
age render probable, there will most likely be a gene- 
ral preliminary Act brought in, regulating such matters 
on the part of the public, and at the same time facili- 
tating their operation on the part of the adventurers in 
a manner similar to the Act called " The Duke of Bed- 
ford's Act" regulating the forms, &c. of Inclosnre Aettj 
and facilitating Bills of that nature : and in such a 
uch to be wished that provision may 



a distinct and accurate plan of the shore and wi- 
nning country; — the line of bank with sections thereof 
being deposited in Parliament and other public places 
in like manner to those for railways, but also accompa- 
nied with a specification of the intended works. Per- 
liaps some amendments of the Act of 5 and 6 Victoria, 
chap. 89, entitled "An Act to promote the Drainage of 
Lands and the Improvement of Navigation and Watcr- 
Power, &c. in Ireland," would answer the purpose. 
The 1 and 8 Vict., chap. 110, regulating the liabilities 
of public companies and partnerships, may also bear on 
this question, and an Act may from these be framed 
which would enable the public and individuals to judge 
of the extent and probable effect of these projects, and 
to take measures accordingly for their own protection; 
besides the suppression of those inflated expectations 
which are raised by exaggerated accounts of quantity of 
land proposed to be gained, and by the boastful and 
confident, yet mysterious air assumed by adventurers 
on such occasions, which, if not intended to lead, do 
in fact lead to ruinous participations in ill-digested 
projects, and even to failure in designs very capable 
of eminent success under prudent and well-advised 
management. 

Assuming, therefore, that the public ought to be pro- 
tected from enticement to invest their money under 
representations of too sanguine, and therefore of a 
somewhat fictitious nature, it follows that these parlia- 
g5 



mentary documents ought to exhibit ] 
the quantity of land proposed to be gained frutn the 
sea, and an authentic estimate of the probable expense! 
to be incurred therein, together with an account of the 

nature and probable produce and value of 
when drained and reclaimed after embankment, sua 
the probable expenses thereof, and that these plain, 
specifications, estimates, and valuations, shall be cer- 
tified and signed by at least two engineers and two 
land-surveyors: and indeed such precautions as that 
are equally requisite for the benefit of the ad venturer!, 
as for security to the public; since nothing is mote 
common than for such adventurers to deceive thetf 
telves, quite as much as they deceive their inon* 
friends; nor can it be conceived that educated a 
well-informed men, ardently bent on such schemed 
should draw their friends into them with any other 
than bond fide views of certain advantage to both. 
Nor docs it appear that these guards ought to I 
omitted any more in the case of private parties urn 
taking the project, than in the case of a Joint I 
Company; since the original undertaking parties 
change, and if there is any delusion in the 
its propagation is facilitated by the want of tbol 
guards. It may also be worthy of con side ration, 
whether the public points and bearings of such n 
should not be matter of investigation by Government 
the projectors might be referred to ' 
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Ordnance or Board of Trade, who should issue a 
t of ad quod damnum directed to certain persons 
acting as Commissioners, who should report as to how 
r, and in what way, the public are concerned in the 
utter, as is already done with regard to navigation, 
id that such report should be referred as instructions 
the Committee on the Bill. 

2nd, The due provisions for the rights of the Pno- 
Bietoes of land adjoining, who may be affected by 
lese projects of embanking lands from the sea, and 
lose especially who have been denominated frontagers, 
pe next to be the subject of our consideration, 
[though the amount and probable value of some of 
lose rights in such cases have already been touched 
pon. Any such Bill proposed to Parliament with 
le object of such embankment, drainage, and reda- 
ction of lrcnds from the sea, whilst it gives powers 
» the promoters sufficient to carry out their project, 
last also carefully guard against abuse of those 
towers by invasion of, or injury to, property, with- 
t ample compensation, and this compensation will 
of a twofold nature, viz. for the property taken, 
and for injury to other property. 

The property actually taken away will chiefly, if 
)t entirely, comprise that which has been previously 
iscribed and estimated, as share of frontage and 
saturable fringes, which should be wholly vested in 
undertakers in fee, when the sea has beeu shut 
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out by them ; but if any accident should occasion 
the final abandonment of llie project, it would be 
hard on the frontager to lose his sloh atid fringa 
in fee; therefore a proviso should he made, that 
at any period whatever, the sea should ■ 
in, and the breach made thereby should be and renu 
open, and the reserved rents thereof unpaid for three 
whole years, then the slobs and fringes should 
again to the original proprietors. Any buildii 
however, may be removed from the premises with* 
one year after the three years aforesaid, but tl 
materials of any roads should not be removed. Y( 
any stone or other material which constituted pa 
of the bank, and not being the earth thereof, n» 
he removed therefrom at the pleasure of the 
takers. These stipulations may he thought too spedfe 
for the clauses of an Act of Parliament, but 
ought certainly to be embodied in an 
which the Act should recognize and confirm. 
may also he thought to anticipate a possible 
but it is only a reasonable degree of prudence 
provide for possibilities as well as probabilities; I 
when it is considered how annoying to a proprietor 
must he a part of his estate neither well oci 
nor altogether abandoned, perfectly useless to 1 
and scarcely less so to others, the propriety 
providing for an event that may happen will 



ACT OF PARLIAMENT, 



15J 



■r all the processes which are to take place during 
iperation of the Act, such as the setting out 
irtkms reserved to the proprietary parties, 
apply of materials to the projectors, or in other 
affecting adjoining properties, the Commissioners 
■.I therein will act as arbiters in all matters and 
s which may require to be adjusted be twee: 
proprietary and the projecting parties; and 
lig the clauses for this purpose, care should bi 
l to provide some remedy, in case of one of the 
;s being unwilling to make a reference to the 
missioners in due form, or to abide by their 
ion when made. Whether in such a case the 
lative should be reference to a jury, or whether 
Commissioners should be allowed to proceed ex 
after the lapse of a certain period of time, and 
notices to the obstinate party of their intentions 
>ceed, are points for consideration; but it should 
collected that it is most desirable that the parties 
d adjust all these points between themselves, 
ut incurring the extra expenses of arbiters, and 
Fore that the alternative of their non-adjustment 
:en themselves should not be too easy and cheap, 
le attended with that amount of trouble and ex- 
: which may have the effect of discouraging 
ation, and consequently of encouraging private 
merit. At the same time it must be considered, 
for any man's private property to be entered 
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and taken for the private profit of any ol 
u of iUelf a great grievance, and the coeq| 
for such entry and appropriation should be 
■nd auch aa ought reasonably to afford satis 

■ iirtics suffering without being exi 
and Una principle ia now recognized in raili 
penaationa, to find which, the full value of 
taken is increased by a consideration for 
and unwilling sale, to an amount varying from 

lore than tbe intrinsic value to double tbi 
value of the land. Indeed the mode of compensating 
M ««H •* tbo powers of projectors in railway c 
km so well studied and understood, and have 
ired in practice, that no better modes 

adopted in the case of intakes thu 

.,-, operation with respect to railways; altliougfc 

th of powers to the projectors to taU 

tv«t property to their own use without in* 

,v.».»,-iit of the possessors of that property. 

V**v*r. this difference between the 

[ways the exact line and dimensions 

required are previously known 

.: the proprietors and projectors art 

«l ,'.-.;mo to an understanding before the 

.*<•* a p»otl deal of rime and expense 

. present state of intake 

, ».; specifications of the works 

defined before! 
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admit of such desirable and beneficial adjustments of 
interests; a defect wbich should be cured, not only 
in the manner already specified with respect to the 
lines and sections of the embankment, but also by 
defining and describing the situations from which 
materials are required to be taken, the nature and 
probable amount of them, and the lines of road by 
Which they are to be carried. Nothing could be easier 
than this, under that well-considered and well-digested 
plan upon which such measures should be based; and 
the proprietors have a right to know what is required 
of them previously to the introduction of the Bill 
into Parliament. This knowledge ought to extend 
to all parts of the proposed works which are likely 
to affect their property, including the catchwater 
drains, and other interferences with existing rights 
and interests; and far from being a hardship on the 
projectors, this particularity would be so far beneficial 
to tbem as to tend greatly to that well-advised and 
mature consideration of the subject which the ordinary 
sanguine temperament of projectors renders so essen- 
tial to their own success, as well as to the interests 
of those capitalists with whom they are connected. 

It would also conduce greatly to the prevention of 
disputes if the Act were to recognize some principle 
or rule of boundary to the frontages of proprietors, and 
this could not perhaps be better done than by show- 
ing the lines of the respective frontages over the 
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nUie on the parliamentary plans and Bent 
otherwise by naming some point of the compass vh 
these lines shall bear; or, by drawing a line from 
1 of the coast to the other, the bearings of t 
, respect to that line could 
in words in some clauses of the Act, In short, I 
very reverse of what usually takes place in t 
framing of Bills for Parliament on such matters «J 
to be adopted, for these Bills are usually got op 
haste; some of the clauses are unusual, and there! 
out of precedency in the process of legislate 
are necessarily introduced foreign to those aire 
recognized in that process, and the efforts vn&t 
reduce clauses to parliamentary forms, and wori 
parliamentary language, and the efforts of individ 
to secure their respective interests, induce so 9 
alterations, that by the time the Bill becomes an 
its original compiler would not be able to recogtii 
as'the result of his own labours; and what he, 
a full knowledge of the subject, considered the en 
of its efficacy, is destroyed by its amen dm i 
was very much the case in almost the only prccf 
for such Acts, viz. 1 and 2 Vict. (1838), chap 
entitled '-The Lough Swilly and Lough Foyle D 
age and Embankment Act." In this Act the ( 
miwioners nominated were several gentlemen of 
■ideration, of local knowledge, and of habits of busi 
J of course could only act through the me 
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engineers and surveyors employed by themselves, 
ti according to evidence adduced before them as 
the facts of the case. This, therefore, is a species 
arbitration, not a Commissionership, though so 
cd. Here the proprietors are left to make the 
t bargain they can with the projectors, and failing 
to have recourse to referees named in the Act. 
t the persons named in the Act as Commissioners 
■ould be professional men, of business habits, invested 
h powers to carry the Act into execution, to arrange, 
ljust, and determine all matters and things between 
*lie proprietors and projectors, under and subject to 
ie terms and conditions and provisoes of the Act, 
^*ntil the land to be embanked shall be finally vested, 
id this might be done in the same manner as landed 
iperty is dealt with under Inclosure Acts, either of 
nmon fields" or waste lands, wherein the property of 
the proprietors in the parish or manor is operated 
upon by such persons so nominated, each property 
being taken out of the hands of its ancient possessors, 
Bud put into a state known amongst lawyers as that 
hotch-potch or hotch-pot, meaning a mixed or amal- 
state, out of which it is the business of the 
Commissioners to bring each proprietor's share in 
due proportions. 

This process under Inclosure Acts is a much 
more extensive dealing with private property than 
is contemplated in the case of an intake, where 
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I payment for the same : and this brings us 

, The consideration of what is due to the Peo- 
8 in the case of such an adventure of their skill 
I as that which we are contemplating, viz. 
: or embankment of lands from the sea. 
neral principles on which such rights, &c. 
s founded, are, that every possible facility and 
igement should be afforded to the projectors, 
xsistently with the rights of the public and of the 
oprietors or frontagers. 

The projectors should have power to enter upon 
ds, and take materials fit and proper for their 
also to make roads for the conveyance 
, and to make catchwater drains, and to erect 
amporary buildings, and for all other purposes that 
prosecution of their work may require. But 
le powers should be under every reasonable 
tion that may be necessary for the interests 
; of the proprietors, without too much 
ucing the powers of the projectors. For instance, 
Materials, &c. may be wanted instanter. It would 
too much to restrict their being taken at three, 
even one month's notice, and yet some notice 
some forms are called for. These forms may 
«r according to the stage at which the work may 
ve arrived, because in the beginning thereof the 
i can readily foresee what materials will be 
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required, and in what situations. But 
may take place afterwards, which may require 
rials to he taken suddenly or at any short n 
therefore the Act should contain powers, and r 
the Commissioners named therein, to set out 
first instance requisite materials, and the road by 
they may be carried, &c, and to value the same 
to give notice to all parties concerned therein 
such setting out and valuation, and of the pti 
lars thereof, together with a plan of the groun 
quired to be taken for materials; such notice 
delivered to the parties interested at least two i 
before any such property shall be entered on 
the purposes of the Act ; and if any party so hit 
shall feel aggrieved, by reason of such setting 
valuation so made by the said Commissioners 
shall give notice of his dissatisfaction within 
month of the delivery of notice by the CoiM 
sioners as aforesaid, then, and in that case. 
shall be empannelled by the Sheriff, who sha 
the evidence adduced by the parties on both 
viz. by the projectors on the one side, and the 
prietors on the other, and their determination 
be final, and the expenses of the said jury shi 
borne equally between the said parties, the wh< 
the said expenses being first defrayed by the 
jectors, and one moiety thereof being retained hy 
the compensation money awarded 




projectors should also be enabled at a future 

to embank any further portion of tlie shore 

lat laid down as their exterior line of bank; 

the extent of their rights over such portion as 

oains unembanked should be clearly defined by 

« Act; saving to the public and to the frontage 

•oprietors, until embanked, such rights and privi- 

js as they have been hitherto accustomed to enjoy 

on, and over such unembanked shores. 

The projectors should also be allowed to enjoy 

the advantages which their bank may afford, 

■wards promoting trade thereon by landing-places, 

larfs, quays, warehouses, &c, without hindrance 

n the frontagers, but in certain localities regulated 

the Act. 

Any public roads made by them should afterwards 

• maintained arid kept up in the same manner as 

her public roads are kept up in the district. 

In consideration of the great expense of such works, 

public burthens, as county-rate, poor-rate, (tithe 

abolished upon such lands,) or other public tax 

assessment whatever, whether local or otherwise, 

ould be levied upon the lauds embanked during 

e first seven years, to be computed from the day 

the commencement of the year of any assessment 

sxt after the final shutting out of the sea, as the 

me may be certified by the Commissioners; and 

;vilege might be accorded in and by the j 
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paratory Act before mentioned, on the 

that "barren lands" were exempted from tithe* 

the first seven years after cultivation. 

The projectors having executed the works of ■ 
bankment and drainage, the several distinct inn 
or embankment enclosures, are to be erected n 
levels, bearing such denominations as may be 
tioned in the Act, or in any document referred 
by the same; and after being so erected into a 
a provision is to be made for the due 
and repair of the said banks, and sluices, and si 
engines, by the appointment of Trustees for < 
level respectively, and by means of an acreable 
laid upon such embanked lands by such Tnud 
who are to consist of owners of lands 
said level, or their nominees. The quali 
such Trusteeship should not be too L 
might let in a troublesome majority of 
who would rather risk the chance of inui 
incur expense. The qualification should 
high, to secure respectable votes : the ai 
sion of fifty acres appears to be a fair 
most cases, but may be too large in some 
too small in others. The Trustees shi 
power to levy an acreable rate to any 
amount by the votes of two-thirds in number 
two-thirds in value, neuters being considered 
msents, and such votes to be in writinj 
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y or their agents. But such rate ought not 
niform and even over the whole level, since 

the lower lands will require more draining 
lers which are higher, whilst all the lands 
ally require the protection of the bank ; there 
iccordingly be an equal acreable rate for tl 
of the bank, but the rate for drainage shouli 
d according to the situation of the landi 
ree distinctions being made, say into high 
tedium lands, and low lands, and the drainage 
mid be levied accordingly. If it were othei 
ie burden of draining the lower lands woi 
y thrown on the higher levels of the intal 
case of the projectors having taken 
F the lowest land, with too much water stam 
:reon, the upper levels of land would 
thereby, inasmuch as the necessity for stei 

would probably be entirely owing to 
tance. This principle of classification ii 
: of drainage has always been recognized ai 
n; for so far back as the first drainage 
ms in Bedford Level, in 166?, they wi 
, according to their degree of lowness 
y of drainage, into eleven qualities, var; 
ich other by a quantity which was expresi 
rpence per acre difference of drainage 
is has continued to the present day. 
•a therefore, for the drainage of each I 
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should he empowered and required by ' 
assess the drainage taxes on the lands of each 
according to the necessity and difficulty Di 
drainage, and to cause a classification of such 
to be made accordingly, before they proceed t 
any drainage taxes. 

And whether the projectors shall consist of | 
individuals or a public Joint Stock Couipan 
lands embanked should be vested in them in 1 
every purpose of ownership, subject, however, 
foregoing proviso in case of a "droum," as h 
they are fairly and actually won from the sea, ai 
requisite means taken for their general drainage 
land waters, and also the shares of frontagers of 
proprietors set out, unless such shares have 
reserved in money rents, which on many act 
would be the most desirable for the projectors! 
as the frontagers. These things being done and 
fied by the Commissioners, or some other such fl 
tent authority as can be implicitly depended onl 
public, the lands so won should be vested in |8 
jectors with full powers of sale, and every f 
should be given by the Act to enable them to 
good and sufficient titles to any portion of the 
whether large or small; and with this view, tl 
should contain a scheduled form of conveyanc 
should enjoin that a map or plan be annexed tl 
showing the exterior line of boundary of s 
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d also the line of access thereto through or across 
y other lands to the nearest public road, and also the 
cess to the sea, and also the direction and nature of 
i drainage, and also its means of supply of fresh 
Water, if any; and the conveyance should declare its 
ass of drainage, and its apportioned share of the head 
:nt, together with all other particulars of its incum- 
rances, or the burthens that may affect the lands so 
conveyed. 

And here it may be well to notice how extremely 
mportant it is for the projectors to obtain a bond fide 
eclaration as to the sufficiency of the banks to protect 
le lands from the sea, and of the sluices or other 
eans of drainage to carry off the land waters; since, 
i such a case, little confidence can be expected to be 
aced in the certificates of the very same Commission- 
who have conducted the works and will of course 
m them good and sufficient. For such a purpose as 
:, public characters well known in the country, and 
laving the aid of engineers, surveyors, and others o! 
eir own choosing, afford at first sight a good guaran- 
e, but on reflection the public will be apt to look 
Km the engineers, surveyors, and others so employed, 
the real authorities on which such certificates are 
ven : it seems therefore essential for the projectors to 
and well with the public on this important point, 
at some public Court should be constituted to take 
cognizance of this matter; and whether such Court 
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would best be a Jury convened by the Shtrifi { 
Grand Jury of tbe county, or the Chairman of Quarto 
Sessions, hearing evidence as to the fact of the dirt* 
tions of the Act having been fulfilled, and also that 4» 
works of embankment and drainage are good and si 
dent, may be matter of consideration in any particolir 
case ; but certain it is, that for the interests of the pro- 
jectors, neither too much publicity, scrutiny, nor o 
dour can possibly be infused into such an inquiry. 

In all such Acts of Parliament tbe use of the ess 
tial words "embanking, draining, and reclaiming,' 
should be limited to their precise meaning, and u 
in their proper places : to use the word draining pre- 
cedently to the word embanking in such a case is * 
put the cart before the horse ; yet parliamentary um 
may call for the word draining or drainage to stand fii 
because Drainage Bills are frequent, but Embankment 
Bills are scarcely known, — and this is one more r 
in favour of such a general, or declaratory, or regal* 
tory Act, with regard to measures of this kind, ash 
been recommended. 

Such an Act should declare, that the word embm 
ing means the act of shutting out the sea from sen 
portion of the land which has been hitherto covered h 
it, and that the words sea-bank, or bank, < 
inent, mean, the bank which so shuts out the s 
that the wore* draining or drainage means the carrying 
off to seaward, or the discharge beyond the 1 
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eaward, of those waters which may fall upon the lands 
rom which the sea is so shut out, either by downfall of 
ain or by waters from other lands above their level; 
nd that this drainage means the discharge of such 
ters from the level, so as to admit of the cultivation 
H the same, except as to certain portions, viz. the 
leets and water-fences. 

Some confusion of ideas will also arise, unless 
he meaning of the words reclaiming or reclama- 
ion be well defined by the Act; they are some- 
Unes used as synonymous to embanking and draining, 
whereas their true meaning applies to those agricul- 
tural operations which take place subsequently to the 
mbaiikiug and draining, viz. the subdivision, fencing, 
ud the cultivation of the land. 

It is, in short, very essential to the interests of the 
projectors, and may save them much expense and 
litigation, to have the Act as clear and specific, and 
with as little ambiguity as possible, with regard to 
the nature and extent of their rights and powers, 
discarding not only as iinworthy, but impolitic, those 
Contradictions which are sometimes permitted, advan- 
tage being afterwards taken of the confusion occasioned 
by them. Whilst, therefore, the projectors should be 
favoured in every way possible consistently with the 
rights of the proprietors, they ought to expect to be 
bound to render a full and fair measure of justice to 
those proprietors as well as to the public. 



IX. EXAMPLES OF EMBANKMEN 



One may be familiarly acquainted with mat 
of sea-bank without becoming cognizant 
particulars of their construction which we 1 
to develope, in order to elucidate our disco ui 
reference to facts. 

The following instances may serve to 
some of the points already mentioned. 

1. An embankment was made after the 
-of the Nene Cut in 1824. to form the ramp 
over Cross Keys Wash, and about 1200 
sandy soil were thus enclosed by a cradge-bai 
of the land having brought £-10 an acre inim 
and the whole realized £ 26,000. 

And the river Nene Outfall Commissioners, 
with some adjoining proprietors, were (Julj 
embanking a portion of the salt-marsh to sej 
the Cross Keys, or Sutton Wash rampart. 

According to Sir John Ilennie's printed 
of November) 1839, their line is 3 miles £ 

I links in length, and is 2 miles 4050 1 
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ridge, enclosing about 4000 acres. Sir John 
mmended that bushes should be inserted in the 
i silt or sands, with their tops standing out i 
i across the direction of the flow of tide, in ord< 
jather the silt and raise the surface. This • 
!, and several feet in depth of silt have been 
lered in channels and other low places : as the tide 
es up very turbid and surcharged with warp, the 
l-tops create a certain extent of still water, and tl 
vs the sediment to deposit and accumulate to i 
iiderable degree, i. e . 5 or 6 feet deep in one year, 
ills and channels where circumstances are favour- 
; the conditions requisite to this effect being that 
flow of tide shall be merely checked sufficiently t 
luce still water, not stopped or so much itnpedei 
y produce an eddy or an overfall. A bank across a 
ping suddenly the usual efllux of the tide has also a 
lar effect, which is strongly evinced by the accu- 
ition of soil in front of the rampart or Sutti 
ih road, where a fine strong golty silt has accural 
! to the depth of several feet during the twent] 
s since that bank was made ; and this accumulation 
become covered, first with samphire, and then with 
time grasses (on which sheep do well), and with 
rills or creeks. The sands thus accumulated be- 
e covered with a slimy vegetation, which Sir John 
uie calls " cot or ling, the forerunner of samphire," 
i their stability is established, i. e. in oni 
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summer, and then the samphire appears, which 
place as the sands rise to maritime grasses, 

One great portion of the expense of this work ii 
incurred by the necessity of what are called 
banks," which enclose portions of the space to 
finally embanked. Thus along the edge of the high- 
lands or skirts which had been raised by the warp 
accumulation of silt before mentioned, little 
was experienced in embanking 1200 acres of the high 
fringe next the land, with a cradge-bank with slo] 
3 to 1 to sea, and 1 to 1 on land side. Thia, howertf, 
had not experienced the effects of a stormy winter- 
Other cradge-banks have been made, and are intended 
to bo made, for the double purpose of reducing the an 
of tidal water to be contended against at one time ; u 
of cutting off portions of the enemy, and of raising ti 
land ; which latter operation not only reduces the wat 
in depth and force, but also makes the land more valu* 
able when embanked. The benefit of these cradge- 
banks is thought to be so great, that although they 
in fact constitute many temporary intakes in additi 
to one permanent embankment, yet the parties s 
constructing as many of them as will ultimately redi 
the space from which the water is to be finally t 
eluded, to a few, *ay 500 acres, — on the principle 
lessening the force of the reflux tide, at or about 1 
critical period of closing or shutting out the tide a) 1 
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A considerable portion of the main bank rei 
to be completed, including the most critical operation 
of closing or finally shutting out the tide. T 
tion was looked to with anxiety, — the fine-grain^ 
tender, and loose sand had begun to work away fw 
with the reflux tide, and no plan had yet been deter- 
mined on as to the mode of closing the breach. 

2. The bank minuted by Arthur Young, in 1*84, 
having been built by Count Bentinck, near Ten 
extended about four miles and enclosed about !W0 
acres, and its dimensions were 12 feet higl 
base in front, 4 feet thick at top, and 10 feet bases 
rear, which would give the following section 

This cost £5 per rod forward, but for i 
height and slope in front at first a breach 1 
and an expense of about ;6lO00 was incurred, [ 
included in the £5 per rod. It may there foi 
ferred from the particulars given, that this 1 
about fourpence halfpenny per cubic yard, 
being a somewhat clayey silt. 

3. Another bank in the same locality is i 
by Arthur Young, as erected about the yeai 
the dimensions given are 12 feet high, 4 fe 
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e4 to l,and land base 2 to 1, — dimensio 
:h give the following section : 



The cost of labour was 4s. 6d. per floor of 400 feet, 

ich is 3{d. per cubic yard, men finding barrows, 

•nits, &c. ; the whole cost of bank, sluices, &c. being 

300, but ultimately £4000 for 2J3 acres of marsh 

d 18 acres of bank, or between £13 and £14 per 

It was sown directly the sea was shut out 

h coleseed and wheat, and both crops were good. 

an acre was offered for four years, £3 for six 

8. Let in 1802 for 42s. to 52s. 6d. per acre. 

ice of wheat in 1801, six guineas per quarter. 

| Arthur Young also gives some particulars of i 

ik built 1790, to enclose SG8 acres of common 

rington, as follows : 

The hank cost, and was then deserted, 

the sea breaking in, . 

But was afterwards completed for 
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or rather more than £14 per acre. Let at 20», 
42*. per acre. Average 30s. 

5. Young's account of the Essex sea-walls, in 
agricultural report of that county, mentions the fol- 
lowing : 

(a.) Thirty acres embanked at Goldhanger cos 
£300. (6.) Ten acres at Bradwell cost £150, 
(c.) Three hundred and thirty acres in Foubn 
Island in 1801, the bank being 420 rods, 
about £3 per rod, which is under £4 per acre; 
the whole cost £1700, or under £5 per acre, 
enclosed by tenants under a 21 years' lease, rent 
but not to be ploughed. In four years after em 
he " examiued the herbage, and found it greatly 
advanced and very good, the white clover 
apace, and a scattering of dwarf poa and 
trefoil, with many other grasses that promise to 
well." 

6. The following example deserves attention : 
Extract from Trans. Soc. Arts, 1800. Letter & 

the Rev. Sir Henry Bate Dudley to the Secretary; 
dated Bradwell Lodge, Essex, 17th of Deceml 
1799. 

"A tract of land which I enclosed on the M 
line of coast within this parish, about eleven yi 
ago, (for which I was then honoured with 
Society's gold medal,) being already under a pn 
able course of tillage, I was induced to 
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present enclosure, as a lessee of the Collegiate 

itate of St, Paul's. The front line of embankment 

st the sea is nearly one mile in length, and, 

..jth the returning banks on each wing to the old 

!wall, forms an enclosure of 260 acres. The whole 
of the embankment is composed of earth alone, 
borrowed from the irregular salting land in front, 
and taken at the limited distance of 12 feet from 
the base of the new work, to leave a sufficient fore- 
id for its protection. I found from experience in 
y former embankment, that I had not given a 
cient angular declension in front, for an easy 
:ent and descent of the waves. This error was 
ifore corrected in the last work. I began it on 
base of 32 feet and wrought it to the height of 
? feet, leaving it a plane of 5 feet on the top, and 
making the land side of the embankment as nearly 
perpendicular as tile security of the base would allow. 
"Within, on the land side, is cut a ditch 12 feet 
wide, 5 feet deep, and 4 feet at bottom; the earth 
im which was thrown into the mound. My former 
1 embankment in Bradwell parish had nearly given 
y to the great inundating tide of February, 1792, 
'in this erection of new earth being made on the 
surface. To guard against similar danger in the 
iresent work, a spit-deep trench, 6 feet wide, was 
iviously cut along the centre of the whole line, 
which the mound was to rest; this, by admit- 
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ting tlie new earth into an incorporative 
with the base soil, renders a future separation aloioit 
impossible. Before this, the main rills had 
filled and rammed, to give these parts an equd 
solidity with the rest. 

"The whole operation was performed by 
sea-wallers, with barrows and pianks only, at i'l. lOn 
the marsh rod of 20 feet, and perfectly enclosed 
seven months ; but it must be observed, that t 
soil, composed of rich vegetable matter, is witln 
one particle of stone or gravel, and cuts with 
iron-edged scoop-tool, so as to load the barrows m 
great facility. At each end of the front line is If 
an outfall gutter, or sluice, through the whole a 
bankment, 5 feet in width by 3 feet deep, cli 
in the run, and another of smaller dimensions 
the centre, for discharging the land waters freely 
sea. The construction of these aqueducts is I 
well k»GV.T. to require further description hen 
probably, however, the little addition given to 
erected on this occasion may be found of 
use. Observing it often happen, that, either 
accident or design, the outward lid of the sea-sluictt 
remained open, and admitted the tide to the gr< 
injury of the fresh waters inside the marshe*, 
introduced here a light fly-lid within the centre 
each sluice, which is out of reach, and yields to I 
slightest pressure of the water going out; 



Dsely against that of the tide, when it passes : 
dly the external flap. These sluices are laid 
in as solid a foundation as can artificially be 
ie on such soils, to prevent the crahs, and other 
-fish., from undermining them, which must other- 
; be the case. The frame and flooring are of 
which lies under water as durably as oak. 
The land thus enclosed is partitioned into four 

Ely equal parts, by new out-ditches 12 feet wide, 
et deep, and 4 feet at the bottom, which, with 
1 intersecting rills from various parts, give the 
hole a good drainage of its salts on the fall of 
y rains ; and, by a course recently made from 
distant brook, each division of this land is now 
ily supplied with fresh water. Not less than 
South Down sheep, and from GO to 80 horses, 
re almost constantly grazed, and even winter thereon 
•markably well. The established opinion of the 
est farmers of the country was, that lands thus 
iken from the sea would not grow corn under 30 
ears, at least, after their enclosure. But, as no 
xperiment had been made, by which this fact 
paid be clearly ascertained, as soon as 1 had shut 
nt the sea from part of it, about 6 yards square 
rere immediately dug, and sown with horse-beans 
nd oats, which, though the summer proved very 
xy y and consequently unfavourable, produced of each 
. fair return of sound, good corn, and the last bar- 



*M. afcr mm* mm tesag sown with what, 
a* mmmmm am*. The next spring, I mm 
« wsh Wciry »d tanips. My first enclosed 
a t*u* v*rt& haw pmJwtuJ two succeeding 
«f taw oaea. arf am mm graving m very 
MA «f mm, far wi 

* I: «ay here W wnwlH, that the lower 
parti erf tJa* a*w Mri i wi t, on which no vegetable 
•war pnr Won, begin to be coated with 
smm^ and at the amttne plants die away in 
parts, far ansa* of their natural moisture, 
aainw replace tJacm, an that the whole 
Matty w rocd with grating plants of good 
aannagst a hits appear the atMfent clovers, 
and rye gran*, ftc Hence, I conclude, 
trary to the gmcr a l opinion, (hat though 
grew artificially from aeed sown, it does not 
of ntfesairy that they cannot be produced with 
oa*. I think that the natural operation of the 
and air upon certain soils will alone effect it, and 
my experience in lands taken from the sea con- 
firms very strongly this opinion." 

The value of every line of this letter would be 
much enhanced by a knowledge of the talent 
energy of the writer, exerted as they were for 
many years, for the benefit of his neighbourhood 
and country, as an active and courageous 
trate, an accomplished cbjgrgmaii, scholar, and 
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agri- 



t*ntry gentleman, a skilful and enterprising 
*urist, and also a man of literary taste 
■Jgment in the fine arts of liia day. 
-According to the dimensions given, the following 
Ould be a section of the sea-bank and delph, &c; 



id the earth-work was done at fourpence per cubic 
yard. 

This example shows how slowly good fixed prin- 
ciples gain ground, or become established, since we 
have here a man of real genius and observation, 
adopting (on a second trial) a slope of 3 to 1 in 
front, whereas 5 to 1 is the proper slope. 

?. Arthur Young also, speaking of the embank- 
ments of Lincolnshire in the Agricultural Report 
of that county, says that at Wintringham (on tha 
Hnmber) beans were sown the second year after 
excluding the sea, but the crop was very bad, which 
was attributed to the salt. He adds, " From ob- 
servations made in other places, I am inclined to 
think that the land should be pastured for three 
years after excluding the sea." 

8. The "white sands" as they are called, form- 
the estuary of the old river Dee, having become 
"The River Dee Company" about the 
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year 1732, have been from time to time em' 
from the city of Chester along the shores of FUut- 
shire, and now produce a revenue of several, mi 
nine or ten thousand pounds a year. 

The land is now extremely productive and valu- 
able, and there is coal beneath it at Mostyn, &c.j to 
a valuable extent, which is worked to great adrtn* 
tage. The railway compensation for lands of tbil 
kind ranged from £150 to £300 per acre, along 
the line of the Chester and Holyhead Bail 1 
some portions of it, particularly about Rhyll, 
light and sandy. About Chester, culture has brought 
these "white sands" to a good soil, but the banks of 
the fences still show the original white running sand. 

Davis, in his Agricultural Report of North Wsta, 
enumerates seven Acts of Parliament passed 
1778 to 1794, by which 18,900 acres were erabanW 
and enclosed in that county, including 3100 Si 
of the above-mentioned Dee lands, the share of 
Lords of the manor, in four instances, being 
instances each ^ths, one -pj-th, and one -rstit. 
mentions 1700 acres more as very capable of 
bankment with advantage, and some such have s 
taken place. 

9. In 1843 a bank or "cop" was built by 
joint efforts of the Hon. E. M. LI. Mostyn, 
J- P. Eyton, Esq., called the Bychan embankment 
between Llanerchy-mor smeIting-work« 
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i colliery in Flintshire, being on the westerr 

and near the mouth of the river Dee. Its 

isions are, base 87 h feet, height 16 feet, sea- 

i «lope 59£ feet, of which 42 feet from the foot 

stoned, landside slope 32jf feet, and 2 feet 

! at top, giving the following section. 



: length of the bank is 1974 yards, or rath 
! than one mile and an eighth. The cost wai 

', less the barrows and planks which were us< 
lairing np the bank with the sea-sand on the 
, and might be worth £50 when completed. 
: cost therefore would be £4000 8 mile, or as 
as possible sixpence per cubic yard for the 
including stone, which however was not placed 
r the whole face. When first laid on, the stones 
! thrown promiscuously on a layer of straw, gorse, 
■ushwood, which was put on the face of the sand, 
the winter tides brought a part of the stones 
to the base, and it was found expedient to 
*enlace them edgeways, paving them regularly and 
smoothly on the surface, in which process it is found 
that the larger the upper stones are, the better. 
The distance the stone had to be carried was about 
a mile and a quarter, and the cost was 13rf. per 
vis. 4\d, quarrying and S^cL &B 
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t was reckoned at 3s. per square yard, 
not stone-faced was covered with soda i 
nesses, each being about eight inches 
where stone was used, the sods from them to tl 
top of the bank were only 2\ inches thick, 
with a push plough ; the inside slope was out 31 f< 
deeper than the level outside, so as to have a larj 
facing, aud to put a cover to make it a carUod 
The highest spring tides on the sands our-. 
bank do not rise more than 7 feet on the btai, 
in a quiet state, but in stormy winds blowing ii 
the estuary, the waves reach nearly to the top 1 
the bank. The land obtained is about 70 acres, bi 
it is in a situation which gives it great local villi 
and with a probability of coal beneath. The Chert 
and Holyhead Railway will pass through it. T 
back of the bank will be sown with lucerne, 
which there will be 4£ acres. 

10. A sea-bank was built in 1819 to 162* * 
Rosshegh, on the coast of Kerry, in the 
south of Ireland, excluding the sea from about 4 
acres by a bank of only 4700 links, or little I 
than half a mile in length, the situation being I 
nook, but the course of a river had to be turntt 
The soil was partly bog, overflowed by high t 
tides, partly rich black mud, partly sand and gtwA 
with black stinking matter, and partly shelly sand 
the tide in the old bed of the river, and in i 
channels, rose 10 to 15 feet ^qonq tiwax virface, I 
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end of the bank the ground was somewh 
g, and the general height of the bank 
feet. The bank was built of the peat of 
brought in barges, the sand of the foundation not 
g disturbed. Stones from a quarry near were 
as a foundation for the peat, and with these 
B intermixed heath or fir twigs to bind them 
ther, and the peat was defended in front and 
hted with 1£ to 2 feet of stoncj according to 
ituation and exposure, laid in larch twigs and 
h, and also lined at the back with stone, of 
iwhat less thickness. The bank has a slope in 
. of about 4 to 1, and has a foot of gravel 
o 15 feet wide, forming a natural beacb at the 
tw part of the slope. The face of the bank has 
igiit dip, and comes to a ridge of stone at top, 
h is about 3 feet above the highest tides, and 
re above the ordinary springs is covered with a 
taneous growth of sand rush {arundo arenarta) 
some bog plants, whilst the stone facing grows 
weed to the spring tide height. 
ie annexed diagram shows the section of 
and the arrangement of its materials : 



sluices are placed in pairs, namely, two of 
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18 inches run each, two of 3 feet run each, 
of 4 feet run each, and two more of 3 feet 
each, making 23 feet run in all; and although i 
of the upland waters are discharged separately ani 
independently by a catchwater drain, the sprinp 
which rise in, and the rain which fa! 
intake, give these sluices all they can j> 
keep down the waters without a great Ids 
in lakes and wet low places. They a i 
within a foot of the lowest ebb, and run from 
to four hours according to the ebb out to sea 
the water pressing against the sluice-doors in 
The sandy portion of the intake was a good titl 
washed, and its position altered during the buildiif 
of the bank, in consequence of an attempt to buM 
across without a gap, using the lake thus fanW 
inside as a navigation by which to bring the m 
terials at all times of tide, but this occasioned 
breach in the spring after the unfinished bank h 
sustained the stormy lake on one side, and the I 
on the other during the winter. This breach agi 
altered the position of the sandy soil, and nea 
levelled in the channels, reducing the original gent 
■ level of the land, which proved low and wet, i 
much saturated with salt. The boggy part of 
land was earthed and cultivated, and the low sai 
part was planted with the stolones of the agroi 
maritima or sea fiorin, which grew vigoroi 
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I eaten with avidity by the cattle. The surface of 
i low part was not disturbed, and the pasturage 
t improving fast, when another breach happened, 
I bank blowing up, and a breach of about 30 yards 
s taking place, apparently on the site of one of 
S old channels, where the sand might be supposed 
be less consolidated than the rest. This was soon 
up again, and it was found that so much sand 
! rushed in from seaward, that it had very bene- 
cially raised the surface of the intake. The florin 
as again planted and the surface drained by open 
lips, and the pasturage is extremely good and 
■early improving, the white clover and goad grasses 
Ippearing spontaneously, especially where the drop- 
rings of the cattle supply the seeds, there being a 
srge extent of sand-hills attached to the intake 
where the cattle range, and which affords a shift 
or change, though they prefer the intake in bad 
Mitlier, it being sheltered by the sand-hills. The 
whole is capable of maintaining 160 head of cattle, 
Yiz., 40 four-year old beasts, 40 three-year olds, 
40 two-year olds, and 40 calves; but its present 
stock is not quite so great, some dry cows and 
some horses being grazed, for which the portion in 
meadow cuts yearly about 75 tons of hay, besides 
about 50 acres of tillage, on which about 12 to 15 
acres of very fine potatoes are grown yearly; the 
Course being, potatoes 1, — potatoes 2, — oats 3,— seeds 
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mown 4, — seeds fed b, — seeds fed 6. The ( 
are housed in yards with sheds, and 30 were ■ 
lected either for the butcher, or to be st; 
winter (1844), with the potatoes and hay, half of tin 
here, and the others on another farm. Of the «i 
the bog has become the tillage ; the rich black 01 
has become the chief meadowing; the sandy a 
gravelly black slob is pasturage, good in proportii 
to its drainage; and the shelly sand is them 
where low, and where high, is disposed 
sand-hills, provincially called "stooks," which beeffl 
slowly covered with grass. 

These are the leading facts of the embanlttM 
drainage, and reclamation of this intake, but tb 
are some circumstances of an interesting nature * 
tending it, which deserve to be recorded. 

The slobs or shore lands, thus embanked, w 
part of an extensive mountain property, v 
peopled with small occupiers, who, in conseqna 
of the great and sudden fall of times, i. e. the pr! 
of the produce of land, from 1813, got into an« 
their rents were reduced, and it was thought (tt 
they could be brought to render the arre&n 
labour, a change might be wrought in their n 
condition, which was very low. This they did i 
m glyj the better tenants by their cotters, anil t 
smaller by themselves, each man receiving 
of money a ticket to be booked for a daj 
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irl this manner several thousand pounds were 

rked out; and the smaller tenants have ever since 

ntinued to work out such a portion of their rents 

might not have been easy for them to pay in 

Soey, by reason of the smallness of their holdings 

the wildness of the country. This undertaking 

not a speculation for pecuniary gain ; we shall not 

erefore go into the question of expense, except to 

that it is judged to be already paying a good 

rest on the actual money expended; but for 

r more important purposes it has succeeded 

.mirably, viz. the marked and highly beneficial im- 

Mjvement of the habits and character of a large 

■pulation, and a vast improvement in their farming 

id their farms. 

[This hank has, since the above account was writ- 
Hj blown up in consequence of Otters having formed 
lodgement amongst its materials.] 
11. Some embankments have taken place under 
and 2 Vict., chap. 87, a special Act for that 
nrpose, along the shores of Lough Foyle, in the 
ranty Derry, Ireland, which seem likely to prove 
nt the commencement of similar, or perhaps more 
uportant undertakings, in that -highly improvable 

Eitry. About 3500 acres have been excluded 
the sea on the south side of this Lough, and 
le soil in general affords every indication of the 
est fertility, great ultimate returns are expected. 
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Two different modes have been adopted by 
parties in this undertaking ; one having raised 
bank by barrows and planks with the soil of 
shore on the spot, which is a sandy silt or 
drying into a whitish shelly sand composed of W* 
minute particles j the other party having run < 
his earthy material and stone from the shore, up 
tram-roads and waggons, drawn both by horses a 
locomotive engines. The whole face of the hi 
from foot to top is pitched with stone 18 ind 
deep, set edgeways, with a slope of about 4 to 
more than half-way up, and then somewhat steef 
to the top, which is 4 feet wide. The spring ti 
here rises 9 or 10 feet, but the outbursts are gre 
and the top of the banks will be, say 16 feet abo 
the low-water line. 

Both parties have experienced those accidents 
which these undertakings are subject, viz. very hij 
tides before completion washing away material, 1< 
ing to the conclusion that it is better to make 
the bank to its full height at once as it proceo 
and also the conclusion that sufficient height is t 
one thing needful, and that the want of it is 
rock upon which all these kinds of works are | 
likely to split; an error which will, in cases « 
notice, be carefully guarded against, so far as sk 
and capital can effect such security. 

12. The Report to Parliament of 
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»ers of Woods and Forests, 1838, gives the fill- 
ing account of Sunk Island, on the Humber, an 
tte entirely gained from ttie sea: 
"This estate has been gradually formed by the 
umulation of the warp or soil deposited by the 
v H umber. Tt was first granted on lease, on the 
!i December, 1668, to Anthony Gillry, Esq., for 
erm of 31 years at a rent of £ 5 per annum, 
m it was described as containing 3500 acres of 
imed ground." He was to embank 100 acres 
ien years, but failed to do so; and in 1675 a 
lease was granted of 99 years at the same 
. and in 1744 there had been embanked 1560 
s. In 1^55 a new lease was granted at a fine 
1000 guineas and same rent. In 1771 another 
e was granted at a fine of £1550 and £100 
, expiring 15th March, 1802; previous to which 
arvey was made by the Crown, finding 1561a. 

14 p. embanked, and 2700 acres fit to embank 
in estimated cost of £8940. 18s. Od., or say 
tfiOO, The estate would then be worth £3400 

annum — tenant to do this, and to pay 
14. Is. 6d, first year, £2000 for the second year, 

£3190 per annum for the rest of the term for 
ears from 5th April, 1802. This term expired in 
I, when there were 5929a. 1 r. 13p. of land of 
llent quality in fifteen farms. The Crown then 
ed the estate at £9814 a-year, but the tenant 



was only wort ] i 
was ultimately let to the occupying under-tenants 
£9140. 10».; tenants keeping all hanks, jettw. 
find other sea-defences in repair, and to lay 
£8?93. 9s. 3d. in various requisite buildings. 
1831 the Crown built a church, and endowed i 
with £250 per annum; and in 1836 the Crow 
gave £ 5000 towards making a road to Ottringhai 

It may he remarked of these examples ;— 
That their usual mode of construction has been io 
right lines of 3 to 5 feet base to 1 perpendicular* 
and 4 to 5 feet top. 2nd, That such a construct 
adopted with regard to a bank of 174 feet hi 
like that shown in the diagram a, p. 26, would gil 
sectional area of nearly 1000 feet; whereas 
diagram hut little exceeds half that qaanti 
more effectual. 3rd, That the actual cost of 
the earth-work of these banks was under si 
per cubic yard, whereas we have calculated the 
at twice that rate of expense, so as effei 
cover the cost, not only of the most difficult 
of embankment, but also to allow am; : 
effect of tides in washing away the material* 
causing repetitions of the work. 

13. Monsieur De Luc, the well-known scientific pro- 
tege of Queen Charlotte, consort of King George III 
has already been quoted as to the singular 
facing sea-banks with straw ropes. He g'n 
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. of his 'Geological Travels,' 1810, and for geol 
purposes, a very diffuse hut interesting account of 
m ban ked marshes and other low lands of the 
f the North Sea at the mouths of the Eyder and 
We shall therefore condense his account for 
tnefit of embankers, using as mueh as possible 
words, — first, however, premising that the 
t of the sea-banks on these coasts is not less than 
i and the area of marsh lands considerably 
e half a million of acres; that the usual height of 
e banks is 20 to 22 feet above low-water mark, and 
e of tide 13 feet, the width of the top being 12 
? feet in ninny parts: on some of these banks two 
of hay can pass, mid they form in wet seasons 
itef roads of the marsh districts, although many 
s and villages arc built in them, 
e Luc traces the history of these embankments to 
riy a date as when the unsettled tribes called " Sea- 
iors," having gradually planted themselves on the 
r islands, were swept off to the number of fiOO, — 
icing ignorant of the dreadful effects of a certain 
,tton of circumstances, rare indeed, but when oc- 
ring, absolutely destructive to the marshes. This 
association consists of an extraordinary elevation of the 
level of the North Sea from the long continuance of 
certain winds in the Atlantic, with a violent storm 
occurring during the tides of the new or full moon, for 
then the tide rises above the level of all the maxims -, 
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and before they were secured against such « 
waves rolling over them and tearing away the 
which had bound their surface, they were reduced to 
the state uf mere banks of sand and mud, whence (lift 
had been drawn by the long course of ordinary cai 
Such were the dreadful accidents to which the first 
tiers on these lands were exposed ; but no sooner ( 
they over than ordinary causes began to act,- — the k 
banks rose, their surface was covered with grass, 
coast was thus extended, and new islands were fonnedV 
— time effaced the impression of past misfortunes, and 
those amongst tiie inhabitants of these dangerous soth 
who had been able to save themselves on the coat 
ventured to return to settle on them again, and had 
time to multiply before the recurrence of the van 
catastrophe. The first step in the progress of at*- 
banking seems to have been to raise mounds of carta 
in the centre or other highest parts of these martdiT 
islands, and for the people to reside with their 
and cattle upon these mounds, letting the tide fl 
around them ; and there are still such islands so inl 
bited by many families, forming parishes will: 
and those islands are called " hulliys." 

The marshes continued in this state for a k 
period, during which such catastrophes as those mi 
tioned above occasionally took place. It v .. 
of these that the enclosing of these marshes by s 
. walls, or dikes, was first commenced. 
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ditches around all the marshes, heaping up on 
their exterior edge the earth that was taken out, and 
thus they exposed to the sea dikes of 8 feet in height. 
After this they undertook to unite the islands with 
each other by dikes or banks surrounding the higher 
parts of the sands lying between those islands ; these 
dikes were called hoogs, and they gathered soil very 
fast, because the sea there comes up very turbid, and 
deposits a great sediment before the ebb of tide, and 
this has been the rise and progress of the art of build- 
ing dikes along all the coasts of the North Sea, particu- 
larly those of Sleswick and Ilolstein. But the grounds 
is gained from the sand-banks were very insecure, — 
:se people, though they had inhabited them more than 
i centuries, had not yet understood that combination 
fatal circumstances above described, against which 
their dikes formed but a very feeble rampart. After 
several serious demonstrations of this insufficiency 
occurring at intervals of 39, 44, and 4fi years, an out- 
burst of the sea, happening at 12 years from the last 
considerable event of that kind, swept off 10,000 of the 
inhabitants. In 86 years more, seven entire parishes 
were destroyed, and in 38 years more, two considerable 
embanked islands were overwhelmed; afterwards at 
two periods great outbursts and damage took place, and 
lOring a long period of time the inhabitants who sur- 
ived these catastrophes, and their successors, were so 
.ch discouraged, that they attempted nothing more 
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than to surround with dikes like the former s 
spaces of their marsh land as appeared to be the L 
exposed to those ravages, leaving the rest 
But the common course of causes continually te 
big to extend and to raise the grassy parts of 
sand-banks, and no extraordinary combinations of 
cumstances having interrupted these natural operatic 
later generations, further advanced in the arts, urn 
took to secure to themselves the possession of A 
new grounds. Sixty-three years after the last gi 
catastrophe they turned their attention to the stoppage 
of these ravages, which the sea was still making in 
ttnuation of its former devastations, by cutting creeb 
and enlarging former breaches. In the front of alltl 
creeks they planted stakes, which they interlaced I 
osiers, leaving a certain space between the lines. 
waves thus broken could no longer do injury to 
marsh, and their sediments being deposited on both 
sides of this fence, very solid forelands were ■■ 
formed. In 25 years more they raised the dikes 
siderably higher, employing wheel-barrows for the 
time for this purpose; they much enlarged and d 
ened the interior canals (the delpft) in order to obtain 
more earth, not merely to add to the height of 
dikes, but to extend their base on the outer side. 
But the marshes became in as great dsngi 
ride towards the Continent as on that open to the 
b the rivers coming down betw< 



(1 marshes and the sea were injurious to the dikes ; 
therefore became necessary to join the islands to the 
.nd, but with a sluiced channel to let off the land 



Under these improvements and the use of straw 
ropes, a comparative degree of security and repose was 
enjoyed for the apace of 119 years, when the sea rising 
tn excessive height, carried away during a great 
tempest the hoogs constructed between the islands of 
Pell worm and Nordstrand, which have ever since 
continued distinct islands: it also attacked Dit marsh, 
and its ravages extended over the whole coast, 120 
miles in direct length, and as far as the very extensive 
slands of Jutland. The Government then interfered 
to the assistance of the sufferers, and sent engineers 
to repair the banks, bringing them somewhat to their 
present dimension. 

De Luc describes the mode of preparing for new 
intake's by joining the mud and sand banks accumu- 
lated outside to the dike by means of small banks not 
quite so high as ordinary top of tide, with openings 
here and there, by which the receding tide passes off 
slowly and deposits its sediment: he says, "This 
junction of the foreland with the dike is very essential 
to the safety of the latter, and for the purpose of 
producing forelands before this dike, where none are 
naturally formed, rows of small dikes are raised in the 
water in a direction across that taken by the tides, 
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and in general by the waves. This operation is 
by planting double lines of small stakes, not i 
quite to the common level of high water : 
serve to confine the clay of which the dikes are formed, 
their upper surface being covered with straw ropet. 
The tides and waves pass over these smaller <\.h-< 
but as it is only through some openings that they 
can retreat, tlicy deposit their sediments in the intenall 
between the dikes, and when these sediments 
accumulated nearly to the high-water level- 
begins to overspread them; the spaces an 
filled quite up, and a solid soil is formed. 

During great storms with certain winds, if the 
is once torn away in any part, the thickness of the 
dike by no means secures it from being bored entirely 
through, and the water rushing in at this opening 
pours down in a torrent upon the marsh, producing 
there a vast excavation at the point of its fall. If, 
however, after the storm is over, the lower jmrt 
the dike is found not to have been attacked, the 
accident is not of great consequence; the water 
in upon the marsh runs off at low water; a number 
of men with wheel-harrows soon raise a barrier 
the high tides, and the dike is afterwards completely 
repaired. But if the very base of the dike has been 
excavated, much more labour is required ; 

neither be built in the same place on account ol 



soft state to 



liich the ground : 
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niently within the marsh, because a recess would 
be formed into which the waves would rush 
increased force ; a basis must therefore be formed 
it without on the foreland, a portion of which 
enclosed with a wide curve. The excavation is 
ins left within where it occasions no danger, not 
containing water of sufficient extent to be raised up 
in waves by the wind, and it is soon filled up with 
reeds. The first step of this operation is to construct 
a small dike against the high tides, and the principal 
dike is then formed within it. 

All these intakes are made between the rivers coming 
down from the high lands. 

The sluices are the points where the dikes require 
the greatest vigilance; supervisors are lodged near 
every sluice within the dike, and are provided with 
all the necessary tools and materials, that they may 
lw ready to repair even the smallest breach. These 
openings are secured by a very strong wall, but as 
this could not stand if it had no other foundation 
than the soil of 'the marsh itself, large blocks are 
tiiit.k in that soil, in order to render it firm. But 
the points of junction of these walls with the dike 
must never be neglected, for hard and soft bodies 
do not unite, and the turf which serves as a rampart 
to the dike will not unite to the walls. Now, if 
during violent tempests the waves should find the 
it aperture in these points of junctioi 
i 5 
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would dilute the earth and make their way t 
through the dike. The sluices which dose then 
openings move in grooves made in the walls. U 
summer time nothing more is commonly ncccssin 
than tu keep them shut to exclude the b 
the rain waters are carried sufficiently off from tk 
marsh by evaporation, and the water in the i 
is even maintained at a certain height, in 
preserve such a degree of moisture as may f 
the growth of the grass, and preserve the grouui 
from cracking. In rainy weather, or during the tuekwj 
of the snows, each sluice is raised by a windlass ■ 
at the moment when the level of the sea has e 
below that of the marsh, the water of wl 
runs off till the rising tide has nearly readied tk 
same level, and the sluices are again let down. 

In using the straw-facing, the men employed \ 
with their backs to the sea, having beside tfi 
bundles of straw, of which they make ropes an ii 
or two in thickness. When they have made < 
about a foot long, they press the middle part oil 
into the soil of the dike to the depth of se» 
inches with a kind of forked chisel, the two fault 
of which prevent the rope from opening ' 
pressed down by the flat part between them. WiA 
that end of it which remains out, tl 
weave fresh straw, and when they have 

fficiently, they again press it down into I 
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at the distance of 5 or 6 inches from the former place. 

rk is carried on all along the dike from the 

tff to the bottom, each new rope being laid close 

the preceding as regularly as in a beehive. The 

iss soon springs up between the straw ropes, and 

a certain time entirely conceals them, but when 

they become rotten they are no longer of use. 

These outbursts are matters of great interest to 
who engage in embanking lands from the sea. 
the eastern coasts of England tliey usually 
happen in off-shore winds, but after an in-shore 
wind has prevailed for some time. Thus the Dean 
idy dunes) of Yarmouth is inundated with a west- 
•-erly wind suddenly occurring after a long-continued 
;erly wind, and the moon new or full. Without 
attempting the rationale of this phenomenon, we 
iy hazard the conjecture that the east wind, toge- 
;r with a spring tide, having given the sea a 
strong tendency towards the land, the west wind, 
blowing at an angle of 45° against the sea at some 
distance from the land, prevents its falling, and 
e wind losing its force in blowing over the land, 
ivfi not prevent the sea rushing with unusual vio- 
nce towards the land, as into a comparative vacuum. 
14. Mr. Vancouver, in his Report of Devonshire, 
made to the Board of Agriculture in 1813, says, 

ft his experience in such matters in Ireland, Hol- 
il, and America, enables him to conclude, that a 
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crude tough black sea-mud is, when dry, the jm 

rigid and intractable of all argillaceous compouni 
and quite unfit for embanking, but that salt mm 
properly so called, when ripe and ready for cmbwi 
ment, is the mildest, most temperate, and 
nently fruitful soil of any; but before its c-j" 
it should have been raised by tidal accession 
nearly, if not quite, the height of the ordinary 
of spring tides. In proportion as all embankment) 
from the sea have been made between these pointi 
of high and low water mark, they have answered 
or disappointed the views of the undertakers. 

Mr. Vancouver gives an instance of an eligible suhj 
for embankment in Braunton, near Barnstaple, ai 
level of very fine salt niarsli, which in a long s 
cession of ages, by a constant and regular deposit 
of sediment made by the tidal waters, appears 
have risen to nearly the highest level 
spring tides. The upper soil of this marsh c< 
of a tender, rich, soapy, hazel- coloured loam on 
subsoil of silt or fine sand, below which a court 
stratum of sand occurs, in which gradati.. 
to have arisen from a dark blue or rather black ten 
cious gait or clay, the usual character ol 
sea- mud. 

The marsh has an area of about 1200 acre*; 
is covered with a carpet or fine matting uf all 1 
plants and grasses peculiar to such sites! 
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subject to be occasionally submerged to a slight 

lepth by the tidal waters. He further says, "The 

ider hazel- coloured loam which forms the soil of 

salt marsh ready for embankment being formed 

of animal and vegetable exuvia, combined with the 

nest particles of terrene matter that the tidal waters 

raid hold in suspension, can never fail yielding the 

lost ample returns when rescued from the ocean" 

" A tract of salt marsh ready for enclosing was 

:rved near the mouth of the river Otter, having 

arrived to nearly the highest level of spring tides, 

and covered with marsh samphire, thrift, ladies cushion, 

and a luxuriant growth of ar/lplex par/ulacorides." 

15. Arthur Young, in his Report on the county 
Essex, ISO/, has the following passage: "As a 

,ard to a sea-wall much exposed and newly re- 
paired by Mr. Dudley (afterwards Sir Henry, before 
[noted,) he attempted to give a new direction to a 
shifting bank of shells, to convert it into a defence 
and security to his wall: for this purpose he made 
fagot hedge in the sea-ooze, to retain the shell 
Band, and finding it to take effect, he made a second, 
and the bank shifts, though slowly, to his will." 

16. In the same author's Report on Lincolnshire, 
1799, he has the following remarks on this subject: 

Ten thousand acres have been saved from the sea 
in the parish of Long Sutton,_ and 7000 more might 
now be taken by altering the channel of the river." 
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"Holland Fen (many thousand acres) is a coratij 
that absolutely exists but by the secari 
bunks ; they are under Commissioners, and very ml 
attended to." 

"In taking in new tracts by embankment, it b 
always an object of consequence to determine uw 
appropriation of the land. At Wintering 
miles up the Humber) the failure of beans ! 
the second year after excluding the sea 
owing to the too great softness of the soil, 
the beans were good where the drainage was 1 
on the highest spots, but in flat places none." 

ht the land should be pastured for three yi 
after excluding the sea, after which ploughing wil 
succeed. Great tracts of valuable land remain j 
to be taken in from the sea about Nortli Somer- 
coates, and other places on the coast (of Lincoln- 
shire), — the sea ebbing out for two miles : every mile 
of coast, therefore, has 12S0 acres of frontage. 
I do not find that any experiments have been i 
in Sir Hyde Page's method (a great engineer a 
that day) of making hedges of gorse fascines, 
leaving the sand to accumulate itself into a bank— 
although the natives have observed, that if a j 
busli, or any other impediment, was by accident J 
with by the sea, it was sure to form a hillock o 
sand. 
'•'South Holland, grossly ea\.\msAfi& vA. \QO,fJ 



vitlun the old 
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hin the old sea-dike bank, has lung been an uliject 
»f embankment. Ravenbank, the origin of which is 
uite unknown, appears to have been the third which 
been formed for securing a part of this tract 
the sea. About six miles nearer to the sea is 
1 old sea-dike bank, unquestionably a Roman work. 
origin and date of the fifth bank, called the 
Sea-Dike, two^ miles nearer the sea than 
: Roman, is unknown. The new or sixth bank, 
: under an Act in 1/92, encloses a breadth of 
miles more, and in taking the requisite levels 
. was found that the surface of the country at the 
nan bank suddenly rose six feet higher on the 
side than the land side, and continued so to 
being the depth of warp or till deposited 
r the sea since that bank was made." 
17- Embanking lands on the H umber and Trent 
is often but a prelude to the process of warping, 
ml which Sir G. Head, in his 'Tour through the 
Manufacturing Counties,' gives the following account : 
"The process is performed by subjecting the lands 
to be warped to the ingress and egress of the tide, 
until by a gradual accumulation of strata, one, two, 
three, or four feet of mould, as may be required, are 
deposited over the barren waste, and what was before 
a heathy moor, is converted to a state of exuberant 
fertility. The excessive richness of the crops and 
soil were most extraordinary ; the wheat, beans, flax, 
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and potatoes were wonderfully fine; and the • 
black friable earth in rows along the root 
potatoes might have passed, every particle of it, 
through a fine hair sieve." 

In one case of embankment and warping on t 
Trent. 184 acres of peat moss were embai 
took 150 men 8 months. The tide was let in (or 
three years, the water 5 feet de,ep, and the warp wii 
raised from 1 to 4 feet. It took one year to settle, 
then was sown with grass seeds at the end of summer. 
In July following it was covered with white clow, 
and fed 70 horses, 36 osen, and ICO sheep, but (pur- 
posely and judiciously) much, understocked, 
three or four years it was to be ploughed. Tt» 
ploughed warp-lands produce immense crops so Ion 
as their freshness continues; the rotations are 
1 oats, 2 oats, 3 fallow for rape (fed off), 4 v/haX, 
5 oats, 6 rape, 7 wheat, 8 beans, wheat, or per- 
haps a repetition for many years of 1 beans, 2 ^ 
Potatoes for the London market formerly yielded ■ 
good return, and then wheat was grown 6 to 8qi 
per acre, beans lOqrs., oats 10 to 12qrs. per BO 
Warp-lands have been sold since the wai 
£ 100 per acre, and when exhausted they are < 
renewable by fresh warping. 




OF THE REPAIR AND SUPPORT OF OLD 
SEA-WALLS. 



The repair and support of sea-banks is a matter of 

preat concern to those who possess marsh or sea- 

>re estates which depend on such hanks for their 

ety by exclusion of the sea. In such cases, large 

.wbacks are often suffered from the rental of such 

ates, and these drawbacks have a tendency either to 

n crease or to diminish, according to the degree of 

rill and judgment with which the banks are treated. 

"e shall now therefore endeavour to impart some use- 

1 portion of that experience on this matter, which 

s been the growth of a long professional life, very 

tecially and extensively engaged on this particular 

■abject, chiefly in Essex, Suffolk, Norfolk, and Lin- 

ilnshire, hut also on other parts of the coast, where 

together many thousand acres of rich land are 

efended from the encroaches of the sea. 

The sea-walls in these counties are commonly banks 

earth with little slope to seaward, and as steep to 

tndward as the clay or earth with which they are 

will permit. They are generally swarded over 
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: kind, bat couch grass or ti 



forms not only their general, but their best mi 
and protection, from the matting nature of 
and its distastefulness to cattle, en 
itself plentifully by seed as well as root. 
tii esc banks have existed for ages, bat 
with which they were originally construct 
quently caused the assaults of the waves to 
the earthy matter in their front, and to make deep 
dangerous impressions in the body of the 
Other cases the banks, of sufficient height ; 
become lowered by the tread of cattle, and 
rag and atmospheric waste of the material, 
become overtopped by the tides, and the lands 
protected have been drowned, either with or 
breach of the bank itself. These occurrence! ■ 
occasioned and rendered necessary a constant *H 
tion to the facing, strengthening, and tupping rf 
banks. 

The ancient and still practised mode of 
face of the bank was by rows of piles driven 
the face of the bank; the rows about 13 
forming what were called "rooma" which *• 
rilled till within the last twenty years with hard 
but since with stone; and I have known fourteen 
these rooms, one above another, to protect the 
a sea-wall. 

tat within the 
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HEJA1RINQ SEA-WALLS. 211 

j' generally understood that in the lace of a bank, 

e to seaward affords a greater degree of security 

;hese tiers of piles and rooms of chalk, and that 

slopes are less expensive to maintain, since the 

e constantly requiring to be renewed and the 

: was continually crumbling away. In all new 

inks, therefore, totally new principles have been 

led in their construction, and the best of these 

we have already developed in the pre- 

; pages; but as there still remain some hun- 

i of miles of sea-bank built and maintained upon 

i principles, we proceed to explain some of the 

, of their usual, as well as their proper 

:nt, under the heads of — 1. the facing; 2. the 

g ; 3. the siding and delph ; 4. the foreland and 

. In speaking of the facing of a bank we must con- 

r the subject under the heads of (a) earth-work ; 

■fing or sodding; (c) pile and stone-work; (d) 

l-wood-work; (e) wharfing; (/) stone only. 

In strengthening the facing of sea-walls with 

fork, when that material is sufficient, the object 

1 be to bring the face of the bank to as much of 

s as possible, aud then to cover its surface with 

any kind of vegetation that may be observed to be 

adapted to the nature of the sod, such as ray grass and 

couch grass ; or, if the earth be brackish, with such 

jilants as may be found in the vicinity. This 
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vegetable covering is of great value, & 
supersede the necessity of the more costly 
of stone, &c. ; and even the great cngiiu 
did not disdain the use of this natural ally I 1 
works. It also often happens where clay sea-banks* 
found, that there exists in their vicinity shingle bwi 
and shores, and the spreading of this material ■ tt 
clay face of a bank, striking and pressing it in «la 
still moist, could not fail of giving it much stability, 

The labour attending the removal of hi 
measured either by the floor or by the cubic yard; t 
floor is the most local, and the cubic yard the M 
scientific and universal measure. Of the labour uf 
the cubic yard of earthy matter, some extremelyn 
able testimonies have been already given in the fa 
going pages. The floor of earth differs locally as ti» 
perch differs; thus the statute perch is 16| fi 
the marsh or sea-waller's perch is in some ph 
18 feet, and in others 20 feet. So the floor of a 
being the square of the perch, and 1 foot deepr B 
either 324 feet (generally in practice 320 feet), 
400 feet, as the one or the other perch may loaH 
prevail. It is important to recollect this in puttil 
out or settling for walling- work, since otherwise r 
confusion and misunderstanding may arise, and s 
walling being done at so much per floor, may inadre* 
ently he measured and paid for by the square of tl 
e feet, inste 
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feet or 400 feet, as the case may be. The fli 
ost general use is that of 400 feet, which contaii 
fle less than 15 cubic yards, and that quantity 
rally calculated. The floor of 320 feet contains 
less than 12 yards cubic, and for the sake of 
brmity it is highly useful to reduce these local 
Mures into the more universal denomination of 
: yards. 

:e labour attending sea-walls is performed bygaii] 
rally consisting of six runners to two fillers. 
■lean barrows and planks, and three men to pai 
e bank, — these proportions, however, somewl 
ering with weather, length of run, and other 
stances. 

run" is the space or distance which a man wi 
barrow-full of earth upon a plank without stop- 
This on a tolerably level plane will be 100 
a, but as the height rises it will be less. A stout 
will run the distance of 100 yards about 9 cubic 
i occasionally, but 6 yards generally, per day, of 
y clay. A man will pack or "store" nearly as 
l as three men can run. This is called also "flood- 
inff," and by this operation the "spits" of earth 
made to fit, and the sorts of earth mixed properly. 
in a "height" the planks are placed on one or 
square open boxes, which are called 



Off according to observations and experience 






-,«v*. Iif: I-.--. 7*9?.- Z.'-L Li- 1T7IIU 

. . .. _ -^ .._ . T . ^. r * . t . 

.... iT^r"- .r'v-:. — i::i tm aisi 
■ .f,*".r. .«* .*• III? . .£- 

v . . ».r » i •. .. • .« . • -> •■ > « iter - . l o v 

^r -■:»;•: ft 'vr. .. :"..j :r. ji:i unni 
,\. ■■■.■•■ :/, \:.r. ... : - r _ ;- vi tii: 
-ir- i/v.r it i .:. i w: vr:re .V.r i. iufir u 
-.uw: .".i. •v.vtr.. v*::.r. ;: z^enc 

f f % ill* ^ •* •» a - .4 •■ • .aa^a> >1 di J.k. 

m 

••■.-,/ 7*^'-> V* ;>»-?v- .: -rir.il ^ianj. 



REPAIRING SEA-WALIjS, 215 

iks is « common and very useful practice, when the 
ard is sufficiently plentiful for that purpose. Count 
intdnck's sea-bank, in 1800, cost to sod, according 
Arthur Young, something more than 4s. per floor 
100 square feet, or about one penny per square 
., and the men earned 5s. 6d. to "Js. Gd. per day. 
i the sum allowed in estimating railway work, 
includes "re-sodding," i. e. taking off and re- 
■cing sod on the vegetable mould. 

c.) Piles and stone -facing have already been 
entioned as formerly constantly employed, and still 
in use for protecting old sea-walls; and these 
been described in general terms, as consisting 
tiers of piles driven close to each other, in rows 
,t 18 inches apart, row from row, the foot of one 
being nearly even with the middle of the piles 
the tier below, and the space between the tiers 
1 with chalk or stone, and these rooms, as they 
called, succeeding each other from the bottom 
foot of the bank to its top. Tn Esses, piles are 
out of small oak or other trees, or the tops of 
er trees. Oak piles are of three lengths, viz. 
, and 6 feefc, and the number reckoned to a hundred 
*rs according to the length ; thus, fourscore of 
iot piles make the hundred, fivescore of 5-foot 
», and sixscore of 4-foot piles. This brings the 
e to the same for each length, and on the spot 
ire they are to be used they may be reckoned at 
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from twenty-five to thirty shillings the hundred, I 
cording to quality and distance. 

About half a hundred of piles will pile a row 
one marsh rod or perch of 20 feet in length; and I 
labour of driving them (including sharpening) will 
worth Is. Grf. per rod. 

The labour of pulling up the old piles, taking off I 
old chalk or stone, re-driving the piles and re-pUc 
the chalk, will be worth Is. Gd. per rod of 20 feet. 

The use of piles, however, is much declining 
the management of sea-walls, and not without can 
since they entail a never-failing expense in ti 
renewal, and are wisely superseded by stone -fw 
slopes, which are done once and for ever. 

The harder chalk used for many years to be 
from Gravesend, and other parts of Kent, to W 
part of the extensive coast of Essex, and the uM 
bouring counties, for the purpose of filling the rooi 
above mentioned between the tiers of piles, but 
late years, as already noticed, stone has superscdM 
chalk. This stone is usually brought from m 
Maidstone, and is the Kentish rngstone peculiar 
the range of sand-hills which stretch from Maidston* 
to near Folks tone, perhaps a species or modific*tk» 
of the mugneaian limestone, though calcareous 
in a slight degree, but particularly suited to 
purpose, being almost of indestructible 
ar, and ponderous. 
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This stone was formerly delivered to almost any 
; of the coast of Essex at "Js. per ton, but may 
( be had for 5s. per ton, delivered on the sea-wall. 
[t takes about 1 ton of this stone to fill one of the 
loms for a marsh rod in length. It costs from 
h to 1*. 3d. per ton of stone to move to the 
: of stowage, and stow the same in the rooms,— 
iverage, perhaps, Is. per ton, — so that we have the 
ollowing items of expense for these rooms of piles, 
illed with stone for every rod of 20 feet 



Piles, half a hundred a 
Driving ditto . 
Stone, 1 ton 
Unloading A. J., carry in 
Sundries . 



! 



Per rod . . . 14 

Fourteen tiers of these are extant, costing £ 16. 16s. 
ier 21 feet of length, and when it is considered that 
ie piles require to be renewed in the space of a few 
iars, it will clearly appear to be good policy to 
instruct sea-walls in the first instance so substan- 
tially, and on such good and sound principles, that 
they may require but little repair in future; in short, 
recommended in the foregoing chapters of this 
Treatise. 
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(rf.) By thatch-work facing we do not mean that 
mode of facing sea-banks with straw, to which we h*?» 
alluded in the preceding pages, as practised at Uu 
mouth of the Eyder, nor any of those other 
which might be practised perhaps with a certain 
degree of temporary success ; but we allude simplr 
to a mode of facing sea-walls with brushwood, which 
we have seen, and indeed largely practised on the 
coast of Esses, and which is there called " thatching. 

This peculiar mode of sea-defence has perhaps heei 
adopted in consequence of the great quantity of wood- 
land in the immediate neighbourhood. The general 
description of this facing is that of fagot-wood arising 
from underwood of 12 or 14 years' growth, cut ant 
bound to nearly its full length, and, being spread over 
the face of the bank lengthways up and down, is kept 
in its place with strong piles which are driven among 
it, — these piles having holes bored at their head 
admit a cross pin which presses tightly on the fa] 
sticks, and these sticks receive the wave, break I 
disperse it, and prevent its tearing away the ea 
beneath them to any serious extent. This cover 
does not, however, prevent the constant or frequ- 
surging of the waves from carrying away a certain p 
tion of the earthy face of bank, and then the m 
becomes loose, and almost useless, and requires 
have Fresli wood drawn in, and the piles 
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It takes about 50 or GO fagots to cover a square 
perch of 330 feet with this kind of thatch, and also 
fiO piles; the pins are generally of chestnut, of 
■which there is much in the neighbouring woods, 
growing on stubs as underwood ; they are either found 
the fagots, or brought separately for tbe pur- 
S, and the cost may be estimated, as under, per 
•quare rod of 18 feet square: 



I£ load of fagots at 14s. 
50 strong piles at 6ct. 
Labour . , 




Total 



And when it is considered that the brushwood of 
kind of protection seldom lasts more than 
or three years, and is not unfrequently carried 
y in less than one year, although tbe piles may 
e long-lived, we shall not be understood as 
describing this kind of sea-defence in order to its 
recommendation, but rather tbe contrary ; especially 
as in one case the head sea-waller kept a public 
b*kery, and had the old "thatching" as his perqui- 
site; and irt another instance a small marsh district 
ms thus defended, the sea-wall of which sometimes 
cost more than the rental of the land defended, 
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whilst the long-continued contractor for the 
and work was said to be worth £40,000. 

Still it may happen that such a mode of facing 
may be judiciously adopted, in some cases 
wood is abundant near, and almost valueless from 
the facility of obtaining coal, and especially as 
temporary expedient, until preparation can be ma 
for a more permanent and efficient covering to 
exposed sea-walls. 

But as to a permanent covering, its cost, era 

I with the precarious prolongation of frequent repair, 
cannot with interest thereon be reckoned at Ira 
than twenty shillings per annum for every 
rod of 320 square feet, an annuity worth in readj 
money full £20, which is a sum many times sol 
cient to stone the whole exposed face of the dm 
as we shall presently demonstrate; and yet wh< 
this improvident mode has for a long period p 
vailed, it may not always be convenient to change 
the habit for a better. 

(e.) Wharfing has been a mode of sei 
formerly practised to some extent on those 
of the coast where timber is plentiful on the 
to which such sea-defences belong. This is a mi 
of facing sea-banks with stout planking set U] 
and the joints backed by other planks, the wl 
being secured by means of land ties and stout t 
necting bars mortised through their projectinj 
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the earthen bank being closely stowed in the rear 
«f all, in imitation of many of the dikes in Holland, 
-where much timber is used in the aea-defences. 
:e first expense of tbese wharf ed sea-walls is how- 
sr . so great that they are limited to very exposed 
joints, and cannot extend very far on those, and they 
ive been found, after a lapse of a few years, sud- 
denly t'j fail in some spots where the planking has 
become decayed ; and though the apertures may be 
■mall, the reflux wave has drawn out with it an 
Alarming quantity of the earth at the back of the 
planking, the land ties have become loose, and much 
expense has been required to restore the strength 
the wall, which it would have been good economy 
remove, and replace with a sloped bank, faced 
with stone. 

(/.) Stone only has of late years been decided 
on as the best possible material that can be used 
for facing a sea-wall, even in the most exposed 
situations. The kind and cost of the stone best 
adapted to this purpose we have already described, 
but any kind of stone most conveniently obtained is 
applicable to the purpose, and the most convenient 
is the most eligible, because the cheapest. Rounded 
boulder stones should have such a portion of them 
broken into angular shapes as may afford a proper 

(key; but every kind of stone admits of some mode 
of stowage which will secure its stability, provided 
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the slope of bank be sufficiently gradual to 
it to lie fairly thereon, rendered stationary by 
own. gravity, without any tendency to slide or 
down, the slightest bias to which will greatly a; 
the efforts of the sea to displace it. The p?£ 
degree of this slope has been demonstrated in the 
OTegoing pages to be 5 base to 1 perpendicular, 
but this is prescribed for new or original bania, 
whereas it is not always, nor often, possible to bring 
steep old sea-walls to such a slope, by means of 
their being set too near the water's edge, or because 
of the expense attending the addition of so 
material after the original construction. The 
of slope must, however, be compensated by piling, 
and the steeper the front of the wall, the n 
piling will be requisite to keep the stone in pi 
A slope of 2 to 1 will require rows of piles at S 
or 6 feet distant along the stoned portion of 
bank ; but at 3 to 1 slope, these rows need 
be closer than 10 feet apart, or if the soil be 
ably stiff, fewer piles, or even none; and at 4 
the stones will he secure without any piles; there- 
fore in such cases as require some amendment 
the important feature of slope, the greatest effort! 
should be used to gain as nearly as possible 3 to I 
at least ; and if this can be effected, a concave 
of facing will be preferable to a straight one, 
nearly corresponding to that of the 
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given in p. 2G, as for new sea-banks. In a case 
where a large quantity of sea-walling was faced with 
stone, it took 15 tons of stone to lay a floor of 
320 square feet, one stone deep, or about 9 to 12 
inches, so as to cover the whole surface in such a 
manner as to render the wave innoxious, but still to 
allow vegetation amongst the interstices where suffi- 
ciently out of water. 

The stone and labour cost about 8s. Gd. per ton, 
viz., stone 7 s - ( m 1844), — unloading, carrying, -and 
laying, In. Gd. per ton; here then was about 35| 
square yards done for about 3*. fd, per yard, with 
a very high price for the stone. Referring, however, 
to what has been previously said as to the stone 
facing of new sea-walls, it may be reckoned to be 
as effectually done on old walls, under circumstances 
reasonably favourable for procuring stone, at 2s. per 
square yard. 

It is, however, sufficiently evident that the quantity 
of stone here contemplated applies only to those 
sea-walls which have but an ordinary degree of ex- 
posure to the rage of the ocean. More desperate 
cases will call for a greater weight and better coating 
of stone, although the strength of such banks by no 
means depends on the mere quantity of stone de- 
posited upon them. On the contrary, there are 
instances where the bulk of stone has been the 
chief cause of expense in the repair and support of 
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an exposed sea-bank, because the sea has 
easy to displace and roll about a mass of k 
atones, piled one upon the other to some feet 
depth. 

In all such cases, it is absolutely necessary, first, 
to obtain a slope sufficiently flat to allow of each 
stone to rest upon its own gravity, or if this 
impossible, the stone must be supported by piling 
Next, a good and firm bed or foundation must be 
provided., and then the stones must he packed » 
as to key each other, and small pebbles or grave) 
placed so as to insinuate into the interstices 
bind all together. In such situations also the face 
of the hank should be left tolerably smooth, that 
the wave may have little hold on any shiuositie*,— 
precautions so obvious that their mention can only 
be excused upon the score of seeing them every day 
neglected. 

The cost of such stone facing as this latter m 
of course be greatly enhanced; but as a depth 
18 inches of stone facing will probably be as effective 
as more, — and, if the stones are singly of thai 
depth, still more effective than if smaller and col- 
lectively of greater depth, the expense ought 
to be more than the following statement bears out 
The medium weight of granite, dolomite, limestone 
and clialk, is within a fraction of two tuns per cubit- 
.Eighteen inches in dearth, -will 
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per square yard, say at 4s. to 5s. per ton, and the 
laying or placing will cost from nmepence to one 
shilling per square yard, making 5s. to 6s., which on 
35j yards or a square of 320 feet, being a floor, is, 
say £8 to £10, and which, being permanent, is greatly 
-more economical than the more transient modes of 
sea-defence already described. There is, however, 
k precaution in laying the stone in such situations 
which will deserve attention where circumstances 
allow of its adoption, viz. placing small branches, or 
rather twigs of heath, furze, or larch, beneath and 
between the stones, which bind them together as 
one mass, till their position becomes established. 

2. We come now to speak of the maintenance of 
a very essential feature of a sea-bank, viz. its height, 
which is apt to be diminished by the tread of cattle 
and the natural degradation occasioned by rains and 
Other causes. The first-named cause of this dimi- 
nution of height ought to be prevented by limiting 
the grazing of sea-walls to sheep; but even in this 
case, the other causes are powerful enough to render 
much vigilance requisite in restoring the lost height, 
before any higher tides than usual cause a "drown" 
and this is done by the operation called topping, 
or placing a sufficient quantity of earth on the top 
of the bank. In this operation allowance must be 
made for the settling or shrinking of the wet earth 
generally used, which may be calculated 
k 5 
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requisite extent. Sometimes this operation is deemed 
necessary in order to give a greater degree o£ 
solidity to banks which appear to be deficient in 
thickness or substance. Siding is usually measured 
with a string for the breadth, and the average depth 
of earth is taken. The earth should be taken from 
the marsh or land side, and is worth sis shillings 
per floor; but as the material both of siding and 
fronting sea-walls, when of a tenacious nature and 
used wet, is apt to shrink in drying, and crack so 
as to fall away, a process called "sludging" is per- 
formed, which consists of plastering up and filling 
tfce fissures with sea-mud. 

It takes about one floor and a quarter to side a 
rod in length, in ordinary cases, and the waller gives 
his men nine shillings per rod lineal, whilst he 
charges eleven shillings to his employer, the two 
shillings being to compensate for his time in super- 
intendence, and his planks and barrows ; but in 
another case, seven floors sided a 10-foot wall for 
6 rods in length. The expense of siding must, how- 
ever, of course depend entirely on the quantity of 
material employed, and this having to be more 
carefully placed or packed of unequal thickness in 
places, is worth more than the more bulky work of 
repairing the bank; it depends however much on 
the nature of the earth, its distance, and the quantity 
to be added. 
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(t.) The delph has already been described as an 
junct of the sea-wall, and caution has been given 
to dig it too near the land foot of the wall, this being 
often the cause of the slipping down or bulging 
of the back of the bank, and of the consequent 
lowering of the top of the wall, thereby occasion- 
ing a necessity for the operations of topping tun] 
siding. Should this too near proximity be the 
it would be good policy to dig the delph 
in the marsh, and fill up the old delph with the 
excavated material from the new one. Such delpha 
would be of ample dimensions if 10 feet wide 
top, 5 feet wide at bottom, and 5 feet deep. BQ 
to stand with 3 feet 6 inches of water at 18 indie* 
below the surface. Such an excavation will requii 
nearly 25 cubic yards of soil to be thrown ot 
for every 18 feet of length, which, at 2$tf. p 
yard, will he about 5s. per perch, there being i 
harrowing or packing unless the distance of tl 
old delph should require it, in which case tl 
work will be extra that of the new delph; but i 
these dimensions will he rather beyond the usu 
distance of a "throw" it will perhaps be 
to give the workmen at least another halfpenn' 
per cubic yard for that quantity. 

4. The foot and foreland of the sea-wall are nex 
to be considered, and on these adjunct featui 
md much of its security and the expen* 
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stinct 



and support. Viewing them as distinct 

ve may remark, that 

\ The foot of the wall to seaward requires much 

i for here, like the heel of Achilles, it is 

vulnerable, and here any mischief to it is 

lly commenced by that insidious undermining 

i Neptune is incessantly exercising, in order to 

the dominion which has been wrested from 

The usual notice of these efforts appears by 

jstraction of the foot of the bank, causing a 

> loo " along its edge ; and the usual mode of 

teracting this effect was formerly the formation 

"room" of piles and stone in the manner already 

even where no other such has been con- 

;ed higher up the bank. But it is found that 

r this effect of "pecking" the foot took place, 

best and most effectually stopped by first 

ring what was lost, and then stoning the foot 

t space, broad according to the degree of abra- 

but seldom requiring more than 2 yards, the 

of which is expressed in the foregoing 

This, however, applies only to the foot of 

walls which have a foreland beyond them to sea- 

In cases where no such important feature 

, but where the foot of the bank comes down 

jar the low-water mark, or at least where ever; 

lies the bank foot, it 

r whether a footing of 



very 
necessary to 
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sufficient without piles, which, as before 
should, if possible, be avoided, — and whether it 
not be necessary or proper on sandy or mud 
to form a natural beach with gravel am< 
stone. On shingly shores where the pebbly beach 
is alternately accumulating and escaping, it has been 
customary on some coasts to line the foot of tbt 
wall with what are called "hakes," which are fagoB 
staked and pinned down between rows of piles j d* 
quantity of material and the expense of which 
as follows, viz.: 






15 fagots per rod, at 9*. per load of 40 

fagots, in the wood . . . ■ 3 4 J 

12 aide nilesl 
_ . „ > per rod, at 35s. per 100 . 6 71 

7 pin piles J r 

Carting, &c. 5 

Per rod of 18 feet . . 15 



But the misfortune of this mode is its want « 
permanency, decaying in three or four years, so tba 
it cannot be recommended, and it might be prnder 
in such cases to employ large stones with some pifc 
to keep them in place. The foot of the wall sbc-n! 
also in every case be kept free from those channel 
which arc apt to be formed along its line. The* 
be filled up w\t\v estfti, ko.4 ttie 
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rought to an inclined plane corresponding with the 
Mile. 

(A.) The foreland is extensive on many parts of the 
jast, particularly that of Esses, where in some loca- 
tes hundreds of acres extend beyond the sea-walls. 
hese are called " saltings" and the greater the breadth 
F them outside the intake, the more secure the sea- 
Trail is deemed, since they are only overflowed at 
iring tides, and Ihey occasion the sea to come up 
Imly and gradually even when extremely rough 
deep water. Tbey wash away in some parts of 
ie coast and gather in others, and they are gene- 
rally much intersected by "rills," "creeks," and 
"channels," which the tide cuts nearly down to low- 
water level, some of which come up to the foot of 
the bank, and endanger its safety, as previously 
■tated. It is of the utmost importance to preserve 
those saltings or salts as foreland, and for this pur- 
pose various expedients are used to check their going 
sway, and to fill up the rills which intersect them. 
For the first, when the foreland has wasted to within 
100 yards, the edges of it are scarped and paved 
with stone, ponderous according to the exposure of 
the place, and other circumstances ; and to fill up 
the rills, bushes are placed in them, which collect 
the warp that comes up with the tide; bridges of 
earth or dams are also placed across rills, impound- 
ing small lakes which gradually grow up, and these 
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>ken up the first storm. The effect is to gather 
ingle on, or rather to prevent its escape from, the 
ward side in winds raking the shore, and the cost 
some of them in high times has been estimated 
£l0 per statute rod. Their distance must be 
portioned to the nature of the shove, but 10 to 
to a mile are sometimes needed. These expen- 
s sea-defences of course constitute a considerable 
wback upon the revenue derivable from any pro- 
terty to which they are attached; but as they last 
long time when erected with due skill, this draw- 
ck may be reduced almost to a trifle by constant 
re and attention to their support. 
It often happens that some particular projecting 
are very expensive to sustain, by reason of 
eir exposure, although they themselves protect a 
ong line of bank, and then any mode of retaining 
beach upon them becomes extremely valuable. 
a case of this sort in practice; a sluice on 
: side of such a point was lengthened in order 
obtain a better run to seaward, and the effect 
i to gather the shingle about the projecting point, 
that it afterwards needed scarcely any repairs. 
; same effect would have happened by means of 
horse, but as the sluice stood but 2 or 3 feet out 
the general level of the shingle, it would seem 
,t horses of smaller height tka tb,csa usually 
ected, viz. 6 feet, would A\a.ve a. \wXXx* sSssS.- 
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der and d( 



It is however worth while to consider i 
mine their absolute necessity, — and this some 
inclined to doubt, since the shingle often leave* 
beach in spite of thera; at best they collect it 
on one side, and for a time only, and where 
wind is "full on" the shore, the shingle * 
gather as well without these horses as with the! 

Therefore we may conclude that a stone fo 
the sand-bank, which usually forms the tt! 

such beaches, would answer better at less eif 
and with greater permanency, although we ma 
cline changing the established mode. Such a 
big should be of large stones, secured with 
piles, and the top of the sand-bank should be 
fully kept above the highest wave. 

On the general subject of this head, it mi 
averred, from the experience of many years, an 
construction of 30 miles of sea-walls, that thej 
inly be brought by judicious treatment to 
:e of safety, and maintained with that degi 
economy, as to no longer cause either a sen 
insecurity to property or a serious drawback t 
revenues. 

(c.) It remains to mention a source of It 
perty upon such parts of the coast as are 
and precipitous, viz. the breaking down of 
cliffs, and consequent washing away of the va 
eir surface. These effects : 



const 
ctrtai 




REPAIRING SEA-WALLS. 

injurious upon some parts of the coasts of 

:, where the cliffs are from 20 to GO feet, and 

, in height, and consist of alternating irregular 

or seams of the plastic clays, pebbles, and 

ds, of crag, and of London clay, with Its septaria, 

ite, lignite, and pyrites, all confusedly mixed 

r in thick or thin layers, horizontal or con- 

ited, in lumps or masses,— indeed under every 

, showing the breaking down of those earthy 

tters from deposits formerly entire, their mace- 

n the bosom of the ocean, their agitation and 

mixture, and their deposition and final up- 

nval, as now exposed to observation by the 

nstant assaults of the ocean. But it is not alone 

>se assaults that crumble down these mighty masses, 

constantly encroach on the fields above. It is 

the aid of land-springs that these injurious effects 

; place; those springs breaking out upon the 

: of the cliff, first loosen the soil, which crumbles 

■n to the foot of the cliff, and the sea carries it 

y, thus making way for another avalanche winch 

ckly follows, till the top is reached, and that also 

s way, annihilating for ever perhaps half an acre 

valuable land. But all these land-slips are not 

.ed by springs; some of the minor ones are 

ecasioned merely by the wash of the sea at the 

of the cliff, lessening the slope and causing 

portions of it to break down; and this latt 
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effect generally follows the former, since in 
spot where the spring operates, an indent 1 
and the sea strives to bring the projections on est 
side to the same line, — those projections becomii 
advanced points of attack. 

The remedy is twofold, viz. 1st, To cai 
springs in the very ingenious manner practised 
the Eastern Counties Railway, on the watery dikr 
deposits cut through at so much expense n 
Brentwood; i.e. by a small well con centra ting 
water from the spring, and a drain from the hot 
of the well leading off the water down tl 
and preventing its soaking into the face of the cli 
though a small reservoir, wherever the spring wat 
seems disposed to concentrate, would answer the pi 
pose. 2ndly, By a footing to the bank or cliff 
good ponderous stones kept in their places 
piles, not a masonry wall, but a strong-built rot 
wall of angular stones, well "hitched" on to ei 
other, and secured by strong piles and planks d 
side, — or in many cases the stones will remain & 
without the piles and planks, if well bedded on 
firm soil below the loose shingle. We are aware 
the tendency of these land- slips to override 
such footing, but submit that such overriding is chi 
owing to the percolation of the springs through 
porous soil, the stoppage of which would enable sui 
footing to sustain the bank. It is, howevi 
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i of palpable land- springs gushing out from the 



F palpable land- springs 

that these downright drains can be depended on 
irry them off. In other cases where those springs 
iidden, or the escape of water is only occasional in 
times, — as, for instance, in the slopes of railway 
ings, — up and down drains are generally nugatory, 

sometimes mischievous. Such hank should be 
ned with very oblique and very narrow di 
;t deep, and one above another, with a tile draii 
i sole filled part of the way, say 1 foot, over, wil 

loose material, and the sward earth over that. 
1 drains both catch and carry the water, and are 

to be effectual, so that in any case of cliff where 
irotection of the land above is sufficiently valuable 

important, the cliff may be thus protected with 
: fear of a successful result, 
liis hint, if rightly carried out, may save man; 
,j by preventing a slip of railway-bank at the cri 
moment of a train passing, which is the very m 
t that such slip is likely to happen from the shak< 
at the soil is saturated with water between t' 
»ht channels, called drains. 
r ith this hint we conclude our remarks on embank 
ts,— and in bringing our labours to a close, we d< 
ith the confident hope that we have succeeded al 
in collecting and arranging, under the different 
s of our discourse, much instructive matter, 
ly useful to practical men; whilst those before 
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REPAIRING SEA-WALLS. 

unacquainted with the nature of sea-banks, will 
reclamation of lands from the sea, but wbw 
may be drawn to the subject either from the natnre 
their property, or with a view to the employment 
their capital, will find in these pages a. collectrai 
facts on which they may with confidence rely, as 
rived from experience and stated with impartial 
ind with which a clue attention to their own inter 
,kes it necessary they should be acquainted. 
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